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SYLLABU8 "

1. Preparation.- After careful review and analysis of other
sky glow investlgations and in consultation with the Navy Depart-
ment, a program of field tests was devised for the purpose of
obtaining basic information concerning the characteristics of sky 0.-"
glow from artificial sources, evaluating the extent to which sk--
glow and shore lights are a factor in aiding enemy submarines,
establishing amount of sky glow produced by various lighting and
the degree of dimming required of such lighting, and investigat- r. f,.-.

ing the utility and practicability of light control methods.

2. Procedure.- a. Sky glow was created by light from a
known number of lamp unTts (sealed beam vehicular type) concon-
trated in an area of pre-determined size. Measurembnts of sky
glow, and sea observations on visibility of ships silhouetted
against the sky glow background, were conducted 'rro6'focations
in pre-determined relationship to the source of 'upward light
during know'm atmospheric conditi6ns under controlled"situations -,

wih *r6sp6bt C)o drrarigoment an' treatment "bf the lighting units
and positions of the boats.

b. Tests of light sources or illuminated surfaces visible
from The sea were conducted, in conjunction with the sky glow
studies, in order to evaluate candlepower or brightness limits
not helpful to enemy submarines.

cs A target boat and a boat for naval observers were em-
" loye in all investigati6ns of hazards to ships resulting from
sky glow or revealifig shore lighting. In these studies, the
target boat maneuvered back and forth at distances of two and
five miles offshore Vith.the observation boat at various ,'is-
tances beyond it.

".d. The amount of sky glow contributed by variovz types of
lightTng, together with various dimout treatments, wag investi- -.

gated both in the field and in the laboratory.

3. Test Results.- a. The report provides methods for the
evaluation of sky glow brightness produced at any 'distance from

-, "upward light of known amount and distribution for any atmospheric
condition. The necessary relationships are expressed in three
fundamental laws. The tremendous influence of. atmospheric trans-

mission is revealed.

b. The relative contributions to sky glow of vehicle head-
lamps, street lighting, lighted shb.vi Windows,. traflic signals,
builling windows, outdoor cormircial ljght*ing, and -industrial
floodlighting are set forth.

c. The -test data indi6ate that density of atmosphere, dis-

tance-from shore,, and distahce between the submarine and its pros-
pective target are major factors which govern the magnitude of
background brightness which is sufficient to reveal to. submarine

K personnel the information on.type of ship, course, and speed as

-. ''- .° .%'
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the necessary prelude to attacki The required background brightness
increases with increase in atmosphoicdonsity, distance from shore,

and distance ctween submarine and Xossiblo victim.,

d. For various conditont encountorod during the tests, the

actual maximum background briohthssos which wo not sufficient to
enable nayal observers to gin the information necessary for of- - '-

foctive hoetile action against a passing ship ranged from 45 to
110 micr6-footlamborts .for variations in the three factors sot
forth'in sub-piragraph c above. Such brightnessos were the sum of
natur",l horizon brightness and the apparont brightness of the
artificial sky glow.

o. Investigation of ship hazard resulting from'vehicle light-
ing, Traffic sign,ls, minor aids to navigation, ctnd illuminated
vartica! surfaces of vv.rious sipos ustcnblishrd tho tact that virtual , .-. :

blickout must b.- imposed in shore areas to uliminatu aid furnished
submarines by lighting directly visible from the sea. -

4. Conclusions.- a. Analysis of data on background brightness,
on the basis of factors enumerated in sub-paragraph. 3 c above, in-
dicatos a r.ngo of brightnussos from 30 to 220 micro-footlamborts
which would not provide sufficint delineation ofa passing ship
under pirticular conditions to enablu a submarino'to initi-to
offensive action. The low of 30 micro-footlamborts would ottain for
the conditions of 99 per cont pur 1000 foot atosphuric transmission,
trgot boa t two mi'us offshore, cnd 1000 yards bot;'eon target boat
- nd observer. Tho high of 220 ricro-footlamburts would obtain for

tho' conditions of 60 per cent atmospheric trbnsmission per 1000
feet, target boit 1? miles offshore, and 6000 yards b;tvroon target .
bo-t nd observer,. A background brightness greater than 220 micro-
footl-nborts will under gonor-.lly prev'Ailirg conditions of atmos-
phere render passing ships visible to submarines by'silhouotto,
Ioreover, perception bocom.,s, ,asior and attack by submarincs cor-
rospondigly loss difficult r.s b.ckground brightness incre;asos
a-bovo this vlue(...

b. Natural horizon brightnczscs prevailing on moonloei nights
are i-thin. the .bove range, and are generally nuv-ror the 2ove-r limit;

"therefore, olimintion of "rtificial sky glow wil-l reduce the sil-
hbuotting effectiveness of the background to that inherent in natural

* horizon'brightnoss and, in many insta-nces, will complotoly remove
this hazard to shipping.

c. The drastic curtailment ofall lighting nocess-ary for con-
. sidor-blo dst,4,icos inlhnd to eliminate f:rtificial sky glow aIpparent

at shipping lrnes, "'ilo offective for 50 per cent or-loss of the
" dark hours, may result in wste and loss of life on land more detri-

mental to the .ar effort than losses at sea directly .. ttributablo
-to existence of s'1] glow. Soluctiv, dimout, programs, such as dimout
scheduled to %onform to chases of thr, moon or encemy subm.,rino act-
ivity, may serve to alleviate this conditioni. Since the ov.r-.ll.
w•r effort is dophndenit not only on safaty of shipping off the coasts
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but on maintenance of essential activities on land, a basic dimout " . . .

policy which strikes the proper balance needs be established.

d. Fundamental data set forth herein are considered adequate
' . for p-reparation of dimout regulations after basic policy has been , ,' -

established; for the evaluation of amount of sky glow from any type,
amount, and distribution of lighting; and for delineation of the
inland limits of the dimout zone and the amount of light control '., ,'-W.v".:
necessary in each division thereof. However, specific problems •
arising from local conditions must be investigated as they arise
in order to design proper dimout treatment in conformity with
fundamental data and the purpose of the lighting.

e. In shore area, a virtual blackout is necessary to elimi-
nate hazard to shipping resulting from exposed lights or sky glow.

f. The zone requiring dimout treatment depends on sky glow ...

brightness permissible at shipping lanes as established by basic
policy, but under most restrictive sky glow limitations will pro-

,' - bably extend inland as far as 80 miles from the shipping lanes. "
10

g. In the interest of maintaining safety and activities
contributing to the war effort, dimout should be accomplished
insofar as possible by elimination of non-essential lighting.
Data indicates that elimination of non-essential lighting will re-
duce sky glow on the order of 18 to 58 per cent w-;ith an average
reduction of 38 per cent.- •

h. Dimout treatment applied to essential lighting should
effect necessary reductions in sky glow with maintenance of reason- ; .:.--..-.-.---,

able lighting efficiency. .. *. *°" ""

5. Dimout Regulations..- Final regulations based upon the
investigations described in this report will be prepared upon
establishment of a basic dimout policy. For the meantime, interim
dimout regulations are included to aid Defense Commands in their
light control activities .-
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I. SCOPE OF RBPORT

S".6. Factual Data .and Recommendatios. This report pre-
serts factual data pertaining to the characteristics of sky .
glow; reveals the natural laws controlling sky glow; sets forth ,.
data concerning the contribution to sky glow by specific light
sources; evaluates the mbXlmum brightness of a lighted back-
grouhdwhich.will not cause a ship to be visible by silhouette
to submarine observers; appraises the hazard to shipping pro-
duced by various light sources on or near the shore, including S
6ids -tonavigati'on.;, determines the maximum brightnesses of ver- %

"tical hurfaces of various sizes when visible from the sea which
will-not reveal passing- ships; establishes allowable illumi-
nation levels on horizontal surfaces, such as roadways,*in lo-
cations visible from the sea; and recommends regulations,
me.thods, and a program for the control of coastal lichting as 0

jI an anti-submarine measure.

7 i Studies and Tests. This report is the 'result of
study of available literature on the problem of sky glow,
analysis of the lighting control directives of~the several
Service Commands, laboratory tests of various light sources .
typical of city conditions, and full scale field tests conducted
jointly by the Engineer Board and the Navy Departnent at Point
Pleasant, New Jersey,.from November 12 through 19, 1942, and at
Jacksonville Beach, Florida, from January 4 through 16, 1943.

II. AUTHORITY

8. Preliminary. Authorization. Letter f r.on 0ffice, Chief
of Engineers, dated October 20, 1942, file CE 583 (Bladkout)
SPEBF, to the Navy Department,. Subject: "Joint Army-Navy In-
vestigation of Sky Glow and Related-Matters' .Pertaining to the
Control of Coastal Lighting", quoted in part as follows: -"

"2. A War Department directive, dated June 13, 1942,
to the appropriate tacticAl and service coimands covers the
various points which the Navy Department has particularly
pointed out as weaknesses-in the anti-submarine measures now
being taken along the coasts.

"3. There i-s inclosed a letter to this office from
the Ehgineer Board, dated Jul,, 8, 1942, with subsequent indorse-
ments thereon, in which a proposal to conduct investigations on
skyglow illumination is discussed.

"6. This office is taking necessary steps to set up '.

00 - - - - - - -. V
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this project under the Engineer .Board at Fort Belvoir. . . ."

9 • Di.rect'ive.. bette. frQm Office, Chief of Engineers,
'dated November 24, 19424 tfiole SPESD'j to the President, the
Engineer Board, Subjecti "Study ofControi of Coastal Light-
ing and Joint Army and Nevy Investigation" quoted in part as ..
f ollows

o 'Il i The rate at which sinkings have occurred 'off %

our coast[ha made 'it imperative that studies .of skyglow and
measures of coastal fIghting d6ntrol be made. 'As a consid-
erable portion of the sinkings have occurred at night, it
is quite possible that 'this is due to the ships being sil-
houetted against skytlow and direct light emanating from -
-the shore.

"2. The Construction Division of the Office,
Chief of Engineers, has made informal arrangements with the
.Navy Department for a joint investigation of skyglow and
related matters pertaining to-the control of coastal light-
ing., A request for this cooperation was forwarded to the
Navy Department by letter of October 20, 1942 .

"3. . It is directed that necessary action be taken
by the Engineer Board to -set up an investigational project .
for the study )f control of .coastal lighting and'dnti-subma-
rine precaution,

"4. There are certain weaknesses which are found -.

evident in the anti-submarine measures which are now being '
taken along the coast and which are referred to by letter of
July 17, 1942, from the Chief of the Bureau of Yards and
Docks and War Department directive,-, subject,."Control of
Lighting", dated June 13, 1942.' " . " "

"56 Project No. GN 373. Title, "Study of Control
of Coastal Lighting by Joint Army and Navy Investigation",
is assigned to this project, with a priority of GN-I.

"6. Scope of Projectt

a, - Determination of the extent to Which

skyglow brightness is a factor in rendering ships visible to
submarine observers.

" *b. Frequency of.w~ather conditions and in-
fluence of moonTfight which would:'ffect visibility. ' .

hoazard. c" Distance from shore at which skyglow is

6---:-:-
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d. Information determined on safe limits of ,i--.
4.skyglow and the-amount produced by various ferns of controlled !""'"

illumination.

e Application of factors and the determina-

l~~~ion of policy with regard to studies already conducted on '-.-."
coastal lighting problems. '"J

" f. Such other data which would be found help- ..
~~ful in combatinig the submarine menace. I

' ~"7. Direct communication with the Navy Department is ...
~authorized for this project. It is believed Naval Officers ,..

with complements of experienced gun crews, spotters, and subm- -.---
rine observers with good night vision, are required, and would

r"-  be competent to carry out these test operations." '

III. PRESENT INVESTIGATION I'-:'[,

10.' Test Location. The selection of test locations for .- '.

• ..-- _ - '. .-.

" tors, such as availability of eleccric power, existence ofVtelephone lines, proximity to bases for the seacraft and air-craft required, nuarters for the troops, feasibility of black-

ing out the'are n, possibility of interferene by glows from
surrounding communities, and public cooperation and attitude-toward inconveniences resulting from test activities.-I

A. Point Pleasant, New Jersey (Appendix A). () After
weigi otng tabove factors, the city of Point Pleasant, Nw

Jersey, a summer resort community, loc'ated on the Atlantic

.., Ocean, approximately 50 miles south of New York City, was ."chosen for the initial sky glow studiesv N l

(2) Sea observations during the initial sky glow studiesdandw

• were made on a line having an azimuth of approximately 1050 ..to the Point Pleasant test area. p

(5) Land observations of sky glowi brightness were con- .... ,..
ducted from the following locations in respect to source of sky...

gl ow:,7 .- )-

0S

10.'5 miles west with azimuth of 261t (station ) 2
full ,cale0 miles west with azimuth of 284 (station 2) fac-in u a15 miles west with azimuth of 285 (station 3)bylowsfrom

t miles north on shore line (station 4)
Ocea,"apo5 mile south on shore line (station 5)-was

coefrs gw s

() eosvin digh iia syl sti

to th Poin Plesant-est aea..

i"'-'''.'''.-.'""'.:.-.'. '-.-.'"'..-.''(3)"" -", -Land"" "observations'., of"sky"glow brgtns wer con-."""""-"""". - -'"°"
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Fi g. 1 ;

Aportion o the Point Pleasant test area.
Note type of streets and number of buildings.

(4) The beach front and Monmouth Hotel of Spring Lake, New
Jersey, a snore community a few miles north of Point Pleasant,
were used for the study of the effect of various automobile
lighting, and window brightnesses, when visible from the sea.

b. Jacksonville Beach, Florida (Appendix A). (1) Since
the studies at Point Pleasant, New Jersey, indicated the desira-
bility of securing additional data and investigating other
factors, Jacksonville Beach, Florida, was selected as the site
of a second full scale field test. In addition to factors al-

*i ready mentioned as influencing choice of a location, this test
area was selected in order to encounter less severe but more
variable weather conditions with atmospheres of lower light ' "
transmission than those experienced at Point Pleasant, New
Jersey. The test area at Jacksonville Beach, unlike Point
Pleasant, New Jersey, had very few buildings. (See fig. 2)

-8-

0e

0[ ..-.----- < *.'.'. .'. ---- -'..-.....-.-...-,-.-.------- .,,.. ...-...- :-"-*''':'." - " - '. -. "-'

!-
i J ' J' ' '

....-,,...'..... ... ... ... ... " ..........-. ...-.... ,. 4_j ..- .. .- _- - ,



VV.

This proved to be a slight disadvant.~ge, since a built-up community

causes glow to be apparent-at heights whioh are more representative

L of sky glow over cities, whereas the absence of buildings at Jack-

[ sonville Beach permitted measurements of the glow very close to the 
-

- -ground. Also, buildings and trees serve to absorb and disperse a

portion of the lightp which effect. was egrtiater at Point Pleasent.

VFig. 
2

area*

%

_L _ _



(3) Land measurements of sky glow brightness were con-
ducted from the following locations in respect to source of sky

glows

7 miles west on azimuth of 246' (station 1)
11-3/4 miles west on azimuth of 244* (station 2, figs. 3

and 4)
15-1/2 miles west on azimuth of 244* (station .3, fig. 5)
5 miles north on shore line (station 4)
5 miles south on shore line (station 5, figs. 6 and 7)

-4-4-A0

Z4--

Fig. 3
Station 2 -11-3/4 miles west of source of sky glow.

Note field telephone installation#.
Jacksonville Beaoh Tests

-10-
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Fig. 4
Horizon at Station 2 looking east toward source of sky glow.

Jacksonville Beach tests

Fig. 5 Airplne sptter'

toe se o tain3

15i mie es fboreo

Pt sk gl*. A imla t

toe dfrStation 3,

Jacksonville Beach tests ,.x.:

0 0
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Fig. 6

Station 5 -5 miles south of source of sky glow.
Jacksonville Beach Tests-

A -

.7 -~ -



(4) The beach front and Atlantic Hotel of Atlantic Beach,
Florida (fig. 8), were utilized for study of automobile lighting
and aids to navigation, and determination of maximim permissible
brightnesses of vertical surfaces when visible from the sea.

"" .' ."

Atlantic Hotel and beach front at Atlantic Beach, Florida. ,..
- ~Cqvered porch was equipped with approved indoor blackout ..'
i ~lamps to test visibility of illumination from those sources. [..

(5) A one mile section- of Atlantic Boulevard (Appendix A),

. which is perpendicular to the coast line, was used for study of r."'-.

06

Asky glow produced by maximum night open highway traffic. The

seaward end of this same street was utilized to study the effect-
iveness of baffles at the ends of streets open to the sea and to
determine permissible non-hazardous illumination levels on hori- --

zontal surfaces.

c. Laboratory Tests. Laboratory facilities were utilized
to conduct sky glow investigations on a reduced scale, to determine
the anount of zonal light flux emitted by shielded sealed beamautomobile headlemps and various types of street lighting luminaires, - "

00
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and to investigate the amount of light emitted from standard
types of show windows. ,

11. Personnel. a. Captain Oscar P. Cleaver, the Engi-
neer Board, was in charge of overall test activities for the
Army. Other assigned Engineer Board personnel were Mr. Charles
F. Cashell, director of test procedures, Captain Sylvester Guth
(Jacksonville Beach only), lst Lt. Robert 0. Swain, lst Lt.
Robert F. Royster (Point Pleasant only), 2nd Lt. George Henderson 1
(Jacksonville Beach only),Sergeant John R. Davis, Sergeant -
William Musiker, Sergeant Joseph L. Martin (Point Pleasant
only), Cpl. Charles E. Longley (Point Pleasant only) Cpl. Ashby
R. Hodges, Private Willard Cyr (Jacksonville Beach onl , and
photographers. Mr. George Crum (Point Pleasant only)and Mr. Hal
P. Letcher (Jacksonville Beach only). A company from the 132nd
Engineers, based at Fort Hancock, New York, commanded by Captain -

H. G. Slear, hendled all tasks in connection with operation of.
the lighting units for the Point Pleasant test. At Jacksonville
Beach, similar tasks were performed by a detachment from the
Replacement Center, Fort Moultrie, South Carolina, under
command of lst Lt. Donald 14. Ashton, Jr., 263rd Coast Artillery. 0

b. Lt. Commander E. A. Fintel, Eastern Sea Frontier,
directed the activities at sea for the Navy. Representatives of
the Bureau of Yards and Docks who assisted were Lt. Commander " -
McRea Parker (Jacksonville Beach test only) and Lt. Robert L.
Champion. *

c. Coast Guard personnel present for tests of aids to '--
navigation were directed by Captain F. P. Dillon, and Lt.

-J Commander J. A. Ciccolella.

d. The following a'cted as observers and recorders of 0
the test data:

M r. V.I Roper, Chairman, Motor Vehicle Lighting
Committee, Illuminating Engineering Society, New York, New
York.

Mr. George Baumgartner, photometrist assigned to the
Engineer Board, General Electric Company, Nela Park,
Cleveland, Ohio.. :.

Mr. C. S. Woodside, Committee on Highway and Street .
Lighting, Illuminating Engineering Society, New York, New
York.

Mr. William F. Little, photometrist assigned bo the
Engineer Board, Electrical Testing Laboratories, Inc.,
New York, New York.

-- - ~14 -
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Mr. Ray Teele, Bureau of Standards, Washington, D. C.

Lt. j. j. Fox, Second Service Command, New York, New

Mr. Edward S. Sproles, Department of Commerue, Weather,

Borkau (Ponta, Ple rgia, only). . (Jacksonville Beach only).

12. Equipment. a. Lightinguit-(1 Skglwaspo

duced by lig-ht f ro sealed -beam headlamps mounted in pairs in

specixlly constructed stands. These stands consisted of two upright r-
members bolted to a trough in which the lighting units were 

held at

normal height of automobile headlamps. The troughs were so con-

structed that they could be rotated to elevate or depress the head-

lamp beams to any angle, and the light produced by the headlamps

could be diffused by special screens and progressively dimed 
by.

shielding. Figures 9 and 10 show details of the stands.

Fig.

Close-up~~~~~~~ ~ ~ ~ ~ ~ ~ of stnswtotlmsue t on laat fwJ



Fig 10

Close-up
of im-
proved
stands
with lamps
used at
Jackson-

CONFOEN ALFl.orida

()At Point Plaat, New Jesy 1836 of the sealed

beam headlamps in 918 stands were employed. At Jack~sonville
Beach, Florida, two test areas were used. Test Area 1 in
Jacksonville Beach employed .2358 sealed beamn headlamps in
1379 stands, while 792 headl~amps in 396 stands were used to
produce sky glow over Test Area 2, located near the Shore 2-2
miles south of Test Area 1. (See Appendix A).

Fig. 11

Single
row of

t'. I -lighting

S sonville
Beach.

Z2
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Night view of lighting units at Point Pleasant.

Clear atmosphere does not delineate beam pattern,
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Night view of lighting units at Jacksonville Beach.

Slight- mist in atmosphere ~elineates beam pattern.
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(3) The lighting units were shieldcO by means of black
cardboard set at appropriate numbers marked on the sides of
the troughs0  By this means, the lighting in the test area
could be dimmed without color change from 

full intensity to 
4

zero in any desired steps.

Fig 1
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upe I ofisdimtr
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.5. 
4N

S(5) The angular elevation or depression of the light
beams was changed at will by rotating the trough containing

* the lighting units. The angles were controlled by means of
lines drawn on the uprights of the stands, designating The
desired p.osition. (Figs. 17 and 18). Tests on the relative
amounts of' sky glow produaced with the beams elevated or de-

* pressed at various angles were conducted at Point Pleasant only.

3.

-ii 17.

Lighing nit so rraged hatbeam ar

elevted 0 dgree abve te hrizotal
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units so arranged
that beamis -are
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below horizontal.
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C. Boats. At Point Pleasant, two army boats based at
Sandy-Hook were used for offshore cbservations -- the Dixonia,L.'"
a converted yacht was used by the observation party; and the
Samson, a sea-going tug, simulated a target boat by plying •
between the sky glow or sources of direct light and the offshore
observers. 1vo coast guard boats, the Talapoosa, a C. G. cutter,
and the Umpgua, a tug, based at Bayhead, Florida, were respect- " -%,.

ively employed for the same purposes during the Jacksonville
Beach tests. Vessels used as target in both tests were approxi-
mately 165 feet in length. 4

d. Aircraft. Aircraft were furnished by the Lakehurst
Naval Air Station (blimp) and the Jacksonville Naval Air '
Strtion (patrol bomber) for tests in their respective vicinities. -N

e. Brightness meters. Measurements of sky glow bright-
ness were accomplished by means of Taylor "Model A" low bright-
ness meters (figs. 23 and 24). This meter operates upon the
principle of matching two illuminated fields - one, the test
field to be measured, and the other, the comparison field
which can be illuminated to known values which are real directly A
from the scale on the instrument. With experienced operators,
a high degree of accuracy is possible over an entire range of ,..,.!

brightnesses from 0.1 to 0.000005 footlamberts.

{? Fig. 23 ,.,,

- Taylor "Model All low brightness meter; and volt meter .[
i , used to record sealed beam headlamp voltage.
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g. Weather equipment. A complete field unit for taking

weather data was furnished by the Atlanta, CeorgiaOffice of the

United States Weather Bureau. A view of the ceiling projector

is shown below. (See Appendix D for record of weather data).
k-..~

ft ft ft ft
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Fig. 29--
Ceiling projector.
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h. Window brightness equipment. For determination of
maximum window brightnesses non-hazardous to ships at various
distances from them, diffusing screens of tracing paper were
attached to windows and brightness was produced by special
light boxes so designed that various intensities were obtain-
able' without color change in the lighting.

an a 3pa -b. wn

I :""

Special light box used in 3. eqipdw
window brightness test. @.

i. Automobile headlighting equipment. Various automobiles,

including Fords, Chevrolets, Plymouths, several army vehicles, -.. !)

and a 35 passenger bus were used during Point Pleasant tests to
determine hazard to shipping caused by direct light from a number
of types and modifications of automobile lighting devices when I
visible from the sea. A special test car (fig. 31) equipped with ,.

all required lighting devices, and a navy bus, were employed. .at Jacksonville Beach.
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k. Miscellanecus. Miscellaneous items of equipment used
durini the tests included motor vehicles, floodlamps, variacs
for dimming light sources, and volt meters.

13. Test Procedures. Sample written test procedures se-
lected from -those used during both tests are given in Appendix
B. Toconserve space, the entire set of procedures is not in-
cluded; however, method employed fur each test is covered, since
several tests were repeated during both periods. Although pro- '
cedures as outlined were not strictly followed nor tests con-
ducted in the order originally planned due to weather conditions
and other circumstances,' the procedures serve to indicate the
thought, care, and planning back of the tests.

14. Moon Phase During Conduct of Tests. All tests were " '.

conducted during dark of the moon.

15. Test Dat+a. In order to provide a.chronologioal

record of the test data for ready checking and reference, and
to record significant data which were not required in analysis
of a particular item, cohilete sky glow data as recorded each --. "

night are included in Appendix C. Nightly record of weather
data taken at Jacksonville Beach is given in Appendix D. Data
pertinent to each item under test are included with description
of that particular item.

16. Fundamental Laws Governing Sky Glow. Three funda-
mental laws concerning artificial sky glow brightness, which
are applicable under any given set of circumstances or conditions,
were derived from the data taken. The pertinent data and curves
expressing the laws are set forth in the following sub-paragraphs:

a. The variation in apparent brightness of a constant sky
glow iith distance for a constant atmospheric condition.- (1)
During the course of the full scale field tests, measurements
of sky glow produced by a constant light flux were made at ,.

.7 various distances from the source of the light flux during
periods when atmospheric transmission of light was quite constant
throughout the entire region. Values obtained by these measure-
ments are given in Table 1 and plotted in per cent on Graph 1.
Graph 1 was developed in the following mnner: First, value
obtained at location nearest source of sky glow was considered
as 100% and values obtained at locations farther from source of
sky glow were plotted in per cent of shortest distance value.

O" Curve thus obtained was projected back to zero distance or
source of sky glow. Final curve,,shown as Graph 1, was then
calculated with value obtained at zero distance as 10O0.

-0-
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(2) Curve A shown on GrLph 1 includes readings made at Point
Pleasant, New Jersey, from both the land and the sea. However,
readings made at Jacksonville Beach, Florida, from the sea (Curve
C) give higher values than those made simultaneously on land @
(Curve D). Since atmospheric transmission was measured over land,
the apparent discrepancy between land and sea readings was due to
higher transmission over the sea which may be explained as follows
(see Appendix D): "During this series of tests (Jacksonville
Beach) visibility was noticeably better over the sea than over
land. Since there is always more wind over a water surface than
over an adjacent land surface, the mixing of air is greater.
However, the more important factor is the fact that water surfaces
are not cooled by radiation as rapidly as land surfaces, and --

since the water temperatures here were higher than the cooled land
surfaces, the temperature of the air over water did not drop low
enough to cause fog." Hence, higher atmospheric transmissions .
of light than those measured over land were encountered over the
sea during the Jacksonville Beach tests. The low, even tempera-
tures prevalent at Point Pleasant did not produce that effect.

(3) Curves C and D of Graph 1 show a greater rate of decrease
in brightness for values within 5 miles of the source of sky glow 0
than for values at distances greater than 5 miles from the source
of sky glow. Factors which caused this more rapid rate of decrease
are not known but a "height of measurement" factor could have been
the cause. That is, since extremely low horizons over the test
area were obtainable from the sea and from land in a southerly
direction, brightness may have varied with the height of horizon -
measured until after 5 miles the curvature of the earth and inter-
vening obstructions caused measurements to be taken at such a
height that all fell in a band of glow of uniform brightness.
Hence, for measurements closer than 5 miles to source of sky glow
two factors were affecting brightness of the glow - the height
of the horizon and the distance from source - whereas the only .- .
factor active farther than 5 miles was distance from the source.
Graph la has been plotted by the method described in sub-paragraph
(1) above by using only the values obtained for 5 miles and ..

more (Table 1). Curves A and B of Graph 1 have been replotted
for reference. New Curves C and D have the same shape as Curves
A and B. Curve C, however, falls between Curves A and B, since
transmission over the water was somewhat higher than the trans-
mission measured over land.

(4) Graph lb shovs the values of Graph la plotted on semi- '
logarithmic paper. The equation of Curves A, B, and D, and -

Curve 0 if transmission is taken as approximately 98.4 per cent
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Fi.33
Appearance-r .-
of sk low
from 15 .- '.
miles west

of Point wo-
Pleasant, :!i
New Jersey. !...!-
Light beamspointed _4* °

vertically. Ii"" <@ '

The above effect was produced by & double cloud layer, although .-.[
brightness at test area horizon was so low that it was undiscernable '..'-
Clouds above light source with clear atmosphere beneath may cause ''''
unpredictably hi-h. brightnesses visible as a beacon for greater ...-.. '.,
distances. ...

It-.. j

Fig.3
AppAepaprane

fof-sky wlow
mfrom 10

smiles west
of PointP
Pleasant,
New Jersey.N
LiLbht beamsi

pointedp
vertically.r

Note low brightness on test area horizon and extremely ,.-
high brig~htness with wide Spread on cloud. Compare with "-figure 33.
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FiC. 35

Anothersk

glow effect
from 10 miles ~ '

west of Point V
Pleasant, New.
Jersey. Light -

beams pointed
vertically.'
Cloud appears -. *.*.

less dense
than that of
fig. 34 and,
some of the .

light flux
penetrates
through.

Fie. 36 -

In this view
of sky glow
from 10 miles
west of Point ~ -

Pleasant, New
Jersey, 3loud
between -~

camera and -

sky glow
appears to

V obscure por-
tion of sky
t-lovi above
test area honi
zon. Light .'

beams pointed
vertically.
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to aocount for the higher transmission over the sea, is
Br 100 W5 28n When Br is residual sky glow brightness in -

:o per cent at stated distance from source of sky glow, t is atmos-
pherio transmission in decimals per 1000 feet of atmosphere, and
n is the number of miles from source of sky glow. This equation
becomes Br- 100 tn when t (atmospher4a transmission) is ex-
pressed in decimals per mile. Expressint both sides of the
equation in decimals instead of per cent, it is shown that Br
(brightness residual at any point) varies directly as the nth -

power of the atmospheric transmission; Br- Bitn whsre Bi is
brightness produced at source. Moreover, if brightness is
measured at any distance from the source of light, the bright-
ness which would be measured at any other distance may be com-
puted by the same equation, provided the atmospheric transmis- " --
sion factor is known. Also, if sky glow brightness over a lo-
cation is measured from two points, the distance between which
is known, average atmospheric transmission may be computed by
the above equation.

(5) By qubstituting values of t in the equation, a -
Br- 100 t5 "28n, it was possible to plot the curves for any atmos-
pheric transmission desired. Graph lo shows a family of curves
plotted on semi-logarit}mic paper for 60 to 99 per cent atmos-
pheric transmission per 1000 feet. - ,.

(6) It will be noticed that the foregoing curves and equa-
tions have been developed from actual total brightness (natural
sky brightness plus artificial glow) measured at various dis-

tances from the source of artificial glow. Since natural hori-
zon brightness is a constant for simultaneous measurements in
the same direction regardless of distance from the source of
artificial glow, it ia seen that the values representing the
artificial glow (i.e., total brightness measured minus natural
horizon brightness) do not exactly follow the curves as given.
Belief is held, however, that artificial glow does decrease with

-" distance as illustrated by the curves and that a factor of de-
crease in glow as the height of horizon increases compensates
for the constant horizon brightness. In other words, values
obtained at 10 and 15 miles would have been somewhat higher *.

in relationship to those obtainod at 5 milos if the glow at
the same distance above ground had been measured from all three
locations.

34
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b. The addition of sky glow brightnesses. ()When bright- .. ,.

ness is measured on the axis of two sky Q lows separated byr a consid- 
.

ekable distance. (a) For this determination, the tes raa ...

tL Jacksonville Beach (hereinafter referred to as Test Area 1) and a 
i'.-

second test area (hereinafter referred to as Test Area 2) 
located t.-\

between Test Area 1 and observers' station 5 miles south thereof 
.- "

were used. A night view of the upward flux from the 792 la-mps in ''

~~Test Area 2 is shown below (fig. 37). 
-

r4.' .'-

ir

b T a t os ob hn ehFig.t .-7.

- ~~Close-up night view of Test Area 2. .j--=
nes s eaNote shape of lo and the sprad of the iohtsid-

ebl di ne.()over adjacent unlighted areas. are a

TestArea2 i shon beow fig.37)

. .
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(b) Sky glow measurements were made on the axis of the ,
* two test areas from 5 miles south of Test Area 1 (2.5 miles

south of Test Area 2) and from two special stations north of
Test Area 1 - one 4.4 miles north and the other 2.2 miles

5,, north. Arrangements for this part of the test are illustrated
below:

Special station 4.4 miles
north of Test Area .

;;." 2 2 mileinor2
Tes Testa

Test Area 2

7928 lamps Atlantic@ [.

-." Ocean- "

South• ~ ~station 
.,''--

Fig. 38 -- Arrangements for determination of addition 0
of sky glow brightnesses separated by a considerable s... .
distance when brightness is measured on their axis.

(c) The results obtained during the two nig;hts of this
test re set forth in Tables 2 and 2a. Data obtained proved '

that the residual brightness at point of measuerent of each
sky elow add directly; i.e., Br (total brightness residual at

," point of measurement) equals Bl (brightness residual from first
sky glow) plus B2 (brightness residual from second sky glow).
lience, from equation given in sub-paragraph a. above, appureht
brightness measured thrmigh two sky glows is expressed as

*follows:
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Let Br Apparent brightness viewed through both sky glows from

- .. any pcint.
JS

B.. • -;parent brfght".e':s a .one sky glow at any'point on axis

4 n k-J*ht ay point on
Appare&t brightness.of. e0ond.s1y'iw

axiz ofboth" betw~en" location of Br, and- souro P-".

Then'Bj = tx + hen,,t atmos.pheii'c ' "
decimals per unit distance, x is distance between iocations of Br and

1dei b it distahoe, and,yis dis.t4nQ betweqIn locations ofBI divided"by 
"';"""

Br and B2 divi d jd by tiitdistance. 
. ,

(2) oie rgt~s~'maue n the axis of two or more

adjacent sky glow6 (a, Are 1 c l hT was divided .0

into four sub-areas fr this-study' Each sub-area could be.turned

on and off independently of' thp 
other sub,-rea.. Extent of these

areas, number of:lamps, in each, and..location's from which sky glow

brightness was mevsured are. i.l.us.trated below:

'Test 'Area 1
0 Jacksonville Beach

-- - AreaA one street - "
only _

' f . s 

.

-'I"- "e . '-. L A.'"-
'

" •.'"" 
, • . ..-

-
Ln , ,v. "-x ~h "-"*'-.

- " - ' ': "' " R~eference-ght.. - ,-

Atlanic "ocean'' 
Numbeir Lamps per

-• Square, of 1000

feet 1 lamp s sLq _ .

*Bpat station. used in .

subsequent test, See Area 'A "o ' "6 " 3'4"

sub-paragraph" (3) below. an, s

Area 3 Z,W6,500 . 86.4 3.66 S

' Area' C !,320,000 . 522 3.9.-.

* ' Area D '80,0"" 648- 7.28

Totals' 4,572,300 2358 5.15

-' 4, 

0..-''

Fig, 39 -- Arrangements for determination 
of

k- iim-of adjacent sky glov brightnesses

when brightness is measured on their axis. 
..-
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A

(b) tests weie conducted on three separate nights by measuring
brightness produded by each.aroa soparatoly and brightness pro- A.
'dudcd'by all-possiblo coftihations of A'oas Bi C, and D6 Results
obtained on first night of hedu tests are given in Table 3. Vari-
able weather conditions aoro enoounteiod on tliisrnjght ond data ob- .
-tainoed 'are bf no value *in revoqlin'g 'th d ~i"f aor of adja-
cent sky glowb.' *The table does serve, however, todemonstrate the '..-"
erratic mnd unpredictable brightnosses .which"Will beo.encountorod
andor,'fldictating conditions of ,sky- 'weathor; =id 'a .osphore.
(Moasuremenis of Arei A are not included in this. section, for they S.were not considered s'ignif icant.. .Tlhdy may b6d Dound in Appendix C.)

(c)' Data 'rdordd. on subsequont hi'ghts of' am..tes't app set
-forth i-n Tabe ls'3a an d 3b. Tble,3agivo'- t'h6 dAta obtained whonundiffusod lig'I-I was used and Table 3b when diffused light was
used. Althou.n weatho conditions -vaeiedc. ' t,.theywore much'moro .tbl '0 •hr " - " ........ - ".- ..... i 's

st . Th e data s hiw th t, -s .in th e &d e0 '&f sky g l s s parated by -'

distance 'tho #sidu~l brightessos' of. hdi cjefit sky.glows: aro, dir- '.'-
ect d vo dh'en brightness ,is .vioWed through joth glows,. Values
obta~ined w~ h fe glowv over tao or! mbo airis *as measured in corn-
bination are not exactly the same as the values obtained when the
glow over each area was measured .indiv~idually and added together.
However, the deviation botcvoen'the. two.vu lus s dnerally small.
enough to support above conclusion, except that for valuus listed
in last two lines of the sumrary.af Table 3b. Th6 discrepancies
between these v.tlues wore pr.oably,,..du'e -to) the increase in bright-
ness caused by fog during Ittupa&r 7of "-bst.

(3) Whon brigntress is mosured~p.orpdndicular to the axis oflaterally adjacont sky, lows. (L) Tests w-r conducted to dQterrnnea
the effect that brightness from-n1e .r.r. . upwiard light'.had trans- 4h.

versoly on .brightness over -.n adjacent or nearby area. Such trans-
verse factors wera datablihed'for bothl'diroct upward buams.,aind

diffused light. Diffused light was proAuced by cbvoring the light-ing uiiits With tr.acing .cloth having light transmission f actor of
43 per cont.":'Measurem 6nts of the sky gljow wor.o, made from a lo.cation
at Aea two riirlcal mi-c:s east of the to't area, as illustrated inFii'39. Brightness over ArorD (fig.39) was measurtd iC.envor

(figa-D9 Was measur 0~eeeAroa D was oerating regardless of other araas operating at the
same time. Brightness of och area Vhon operating alone ws also
obtained. Honco, the c'iculition of..the effect which brightnessos
from Areas C and B had tr'nsvorsly on brightness produced by Area
D alfono was possible. Table 4 gives the values obtainod when vorti-
cal beams of light were used md Table 4a the values for diffused "light.
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(b) From these tables, it is seen that diffused light (the

type niormally causing glow over cities) increases the glow over

a laterally adjacent or nearby area to a much larger extent than * '*-'":"."

direct upward beams. Howeve,, atmospheric transmission was from 0

7 to 13 per cent lower on the night diffused light was used than on

the night direct upward beams were used; hence, the greater re-

fraction and reflection qualities of the atmosphere of lower trans-

mission may have accounted for part of the higher increase factor

by spilling more light over into the nearby area then would have

occurred for atmospheres having .igher transmissions. Another

point of departure between the glows produced by direct b earns and

diffused light was the relative height of glow. At the pQint of

measurement (2 nautical miles from glow), glow from direct beams

subtended vertical angles from 30 to 80 degrees, while angles sub-

tended by glow from diffused light ranged from 3 to 5 degrees.

On the other hand, no significant difference in lateral spread be-

tween the two giows was apparent.

V

Fig. 40.

; ~~~Appearance of sky glow from 5 miles north of '="-'..

. Jacksonville Beach, Florida '

;' Notice wide spread of sky glow which is approximately 6 times ,-. -,

'"the width of the area containing the lighting units. Buildings

" "' ~and trees on right are clearly sli_'.u. etted. "".''*"
0 0

-- S.

* I • • • • • •
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(c) Since glow above cities is almost wholly produced by
diffusid lifght, calculations which follow are based on the values
of Table 4a. The percentages of glow from Areas C and B (52.5 and
36.2 per cent respectively) which increased brightness over Area D I
were used to develop Graph 2. On the assumption that under theoret-
ical conditions of 100 per cent atmospheric transmission (as found
in a vacuum) an area of light flux would cause no glow ove. an
adjacent area, .cuwves showing the additive factors of laterally
adjacent and nearby sky glows, each of 1/4 mile of projectel width,
were clotted for atmospheres having light transmission factors 7
from 75 to 95 per cent. Graph 2a shows the same information on
the basis of increments of 1/2 mile of projected width, which gives
a larger unit for computations. Graph 2a reveals that each one

mile of projected width on each side of a 1/2 mile of projected •
width adds part of its glow to the brightness of glow over the 1/2
mile of projected width. (A straight line relationship is shown
on the graph. Although information which would reveal the exact
nature of the curve was not determined, the straight line relation-
ship for the atmospheric transmissions shown is believed true for
all practical purposes.)-

(d) The extremely high brightnesses recorded over cities N
become understandable in view of the build-up of brightness caused
by the addition of brightnesses from areas of. light flux in line * .QY. *

(sub-par; (2) above) and the increase in.brightness over one
area produced by adjacent and nearby areas along the projected
width adding part of their brightness to it. This build-up of
brightness is illustrated by Graph 2b. It has been assumed for
the curve that each area of unit depth and width produces equal

brightness. When a number of areas of the unit depth occur in line,
the values from the curve must be multiplied by the number of areas
in line. In sub-paragraph c below, a method is developed for
computation of sky glow brightness to be expected at any distance
from the source of a known amount and distribution of light for
any atmospheric condition.

c. Amount of sky glow produced by a unit light flux of known
distrTbution in a given area. (1) Tabulation of data. Since the
light flux produced by the sealed beam headlamps used in the full
scale tests was known (total lumen output of the lamps was obtained
by measuring the lumen output of one sealed beam headlamp when ,
unshielded and when shielded one-quarter, one-half, and three-quar-
ters and multiplying by number of lamps operating), computations
of amount of sky glow produced by a unit light flux of known distri-
bution in a Given area are possible. Table 5 sets forth amount of
sky glow from direct upward beams as recorded at a distance from -
the test area for various atmospheric conditions. Table 5a sets
forth similar data for diffused light (obtained at-Point Plemsant

%%
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by covering the sealed beam headlamps with tracing paper having trans-
mission of 50 per cent qnd at Jad~ksonville Beach, with tracing cloth
having transmission of 43 per cent). Tables 5 and 5a also contain
amount of sky glow which would have been apparent at point of measure- *

ment on the.b~sis..of-500,QOQ,1urn in test irea, together .vrith bright-
ness of sky glow at source of upwawrd light calculated therefrom by
solving the ,equation B.-~ (stib-par. 16a. above). These Bi

valties'-'initidl.16rightnesb.of sky glow oi' brightness at source of
uPwa rd li.ght z-tre plotted oni Graph 3. j.

(-2) W'idth ofarea factor.- In order to provide a unit area upon
which to base calculations for any city, an area 1/2 mile by 1/2 mile
has' been arbitrarily selected, and the following method followed in
converting values of Graph 3 to the basis of the selected unit. Since
all but three of the measurements of sky glow from diffused light c.
were made perpendicular to the short axis (1200 to 1500 feet) of the

+ .~~~ test area (app-., 1/4 mile by 1/2 mile), sky Cglow ~ihwudb
produced by 500,000 lumens in each'of two such adjacent areas, or by
1,000,000 lumens of diffused upkiard light in an area 1/2 minle by
1/2 mile, may be computed by applying additive fac'tors for adjacent : ::
widths of 114 mile from Graph 2. These culculaitions are giv.qin.belowt

1 2'3.4

Syglowy produced above >z-
Sky glow for an'area 1/2 mile by 1/2

Atmospheiic diffused light 5i dth of area . mi le b~y 1, 000, 000 luzmens
Transmission from Graph 3 factor from of diffused light.

~1per 1000 feet (micro-footlambe'ts)- Graph 2 (micro-footlamberts)

.95 1600 1.10 1760
.909000 1.20 10800

.85 49000 1.31 64200
.80 351000 1.41. 495000 .

.75 1600000 1.51 2420000

Values in column 4 have been plotted on Graph 3a together with calcu-
lated values for 'Treas wider than 1/2 mile on the' basis that each
area of 1/2 mile in width and 1/2 mile in depth has 1,000;000 lumiens .J
of diffused upward light. (Additive factors were obtained frcm
Graph 2a).

(3) Equation for computation of glovi at source for any condition.-
The equation of the curve for the unit area. (1/2 mile by 1/2 nile)%
of Graph 3a is Bi= 10 18.02-15.56 t, *here Bi is initial brightness
of sky glow or brightness at source, of l3.4gIit' and t is atmospheric

.44 transmission per 1000 feet exprebsed in decimials. For any amount
of diffused upward light in the unit area, the equation becomes
Bi =L 10 18.02-15.56 t~ there L is the number 6f lumens of diffused

1,000,000
upward light in the unit area. As width of area is increased by
addition of unit areas the f ollowing equation may be used to compute "
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glow above lonig'dimension of entire area:

10"+ jL2 Bi 10 18.02-I56t (L + fiLl + fL2+
* .. 1,000,000 a

where L is the numbe'r of lumens or'"Tffused upwiard light in
the unit area above. which sky ,glow brightness is being computed;
Ll and L2 are the number of lumens in each ,laterally adjacent
unit area; L3 and L4 are the number of lumens in the respective .•
unit'ar&as next adjacent; and fl is additiye factor for adja-
cent areas and f2 is adlitive.factor for-next. adjacent areas,
which correspond to the t (atmospheric transmission) for which
calculations are made. This equation ifivolves a total effect- .
ive width of area of 4- miles (see draph 2a).

* (4) "Equation for computationof glow residuai'at any 0
distance from source for any condition,-,(a),By substituting
value of Bi from the equation, in sub-Daragraph (3) above inthe equation, Br  B' t5.28n -(sub-par. 16a), the' , ky glow.,-"residual for any atmospheric transmissio at any' distance

from an area of unit depth may be computed, provided the
amount of diffused upward light for each unit area along
effective width of area is known. This equation is

* 1&.02-15.56t (L+fL 1 ~+CL 3 +fL) t5.28n.
Br =i0 (L + .P + -2 f24

1,090,000

where Br is apparent brightness of sky glow residual at
any distance from source of upward light, t is atmospheric
transmission in decimals per 1000 feet, and n is any dis-
tance from source of upward light expr-F d in miles. When
n is zero, the equation reverts to the ,rmula for compu-
tation of glow at source as given in sub-paragraph (3) above.

(b), The above equation is based on an area of unit
depth. Since sky glow brightness residual at a. given point
from areas of upward light in line with the given point
are directly additive (sub-par. 16b), depth factors must be f
added to the above equation as depth of area increases. The
equation then becomes: .

18.02-15.56t "
Br 10 (L+fl1L+flL 2+f2L3+f2L4) t5.28n o....

1,000,000

18.02-15.*56t 4) 28 (n+A-l).-..-
+10 -5.6 (LA+flIA+flL2A+f2L3A+f 2L4A) •t5 2, nA1. .

1; 000,000 .

where A is the number of areas of unit depth' ('.mile in
depth) in line. If each unit area is a sumed to have same
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amount and distributiq.n:,f light, reasonably accurate lomputations
of-Sky 16W produced at any distance from the nearest area may be
made by thq .foll-owing formul-:-

18.02-15 .,56-t t5 2  (nA)
B ,= l~i "2. (1+2fl+'2f2 ALtS'"28 (n+A-1) ,,'

10' ' , -. "1 -" l o o o
1,000,000i ,K

(5) Relative amounts of sky glow produced at source of
upward light -by an area of unit depth.- For rapid conversion of
calculated or measured sky glow brightness at soirce o " upward
light for a certain atmospheric condition tothe brightness
which would be produced at source for any other atmospheric trans-
mission, Graphs 3b, 3c, and 3d are presented. For example:

If effective width of area producing glow is i? miles and __

a brightness measurement at 5 miles away for an atmospheric
transmission of 80 per cent per thousand feet is 60 micro-foot-
lamberts, brightness of source may be computed by .-.

Br = 60 -,..
Bi 28n 6 or 21,800 mioro-footlamberts.

Therefore, for 90 per cent transmission per thousand feet, -
brightness at source can be obtained by, multiplying 21,800 x .02
(from Graph'3d), equals 436 micro-footlamberts. Finally, bright-
ness which would be produced by this new value at the loc.ation 5
mile.s away for 90 per cent transmission may be calculated by
substituting 436 for Bi in the equation Br = Bi t5.28n,,or
Br equals 27 micro-footlamberts, as compared to the value of 60
micro-footlamberts assumed for 0 per cent transmission per 1000

" ~~~~~~~ e et,, . ,., . ,."--.,

In this manner, sky glow for var- ous atmospheric.transmissions
and at different distances from the source may be calculated and
compared by means of the data given in the graphs described above.

(6) Critical atmospheric transmissions for various distances
from areas of various'widths.- (a) On Graph 3e are plotted solutions
of the equation for computing th sky glow over the long dimension
of areas of unit depth and multiples of unit width (sub-par. (3)
above), which is residual for various atmospheric transmissions
at various distances Drom the area. Oije'R'i6h liuens of diffused
upward light has been assumed in each unit',aiea (Q mile by' mile).
Graph Se shows that two miles from the source -of dpward light
highest brightness is.produced at very lowtransmissions, since
the cur]ve'ascends until moisture in the atmosphere.* 'r.a~hes fog
proportions., As the distance from the source of, upward light
increades, the critical transmiss.ion (one whi.ch give5 .highest
brightness) becomes higher, until at distances of 8 miles and over
the highest transmission occurring is the critical one, rcVardlbss
of width or depth of area producing glow.

-43 -
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(b) Values of Graph 3e may be multiplied by L

1,000,000
(L lumens of diffused upward light evenly distributed in the ,
area) to obtain residual brightness for any amount of diffused ,
upward light in an area of unit depth, If depth of area is 0
greater than - mile (the unit depth), values of Graph 3e may
be multiplied by number of I mile units in the depth of area
to calculate roughly resulting sky glow brightness.

(o) Graph 3e may a~lso be used to convert -brightness
measured under one.set Of conditions:to the brightness which

a would result underanother set of.conditions. For example:

Assume, at five miles from an area.over one afid one-half
,:, miles in width; 'a .rpeidual,bright7ess of. 100 micrq-footlamberts

with atmospheri6.transmission 6f'80,percent per 1000 feet,
then brightness' t ffe' a ocoatri 'for"90"per-cent-t-rans-
mission would be 100 x 990 ; brightfi6s at 8 miles for 80 per

2250
cent transhission would be'-1O0 -x '66 and-for-.90 .r4boent trans-

mission, 1-0 z 190 "" "..-

'Rough estihAes bf' th6 iiavdiunt oftif sd C-vad
light producing a sky .glow. brightness may be made from Graph
3e, proviaded approxim&te wi'dth and depth of ePdectiearea
ar.e kno.nl and it is as'imd "that the" lighti~s ovely distibu-
ted over he area. Pr' dxcm% e:

A sky glow brightness measurement made at a distance of '--4
6 miles reads 100 micro-foftlamberts and atmospheric. trans-
mission is 85 per cent per 1000 feet. The curve tor 6 miles

_ on Graph 3e reads 620 micro-footlamberts, at 85 per .Qent trans -
mis-sion for an area with width.df "1 or. more miles.. Then.L:. *
'(number -of lumens .of diffsed.'upwaed light,. in eac),uni ta-rea, :.,
- mile by mile, of the area.under study) equalP. -. • * '.'

1-. x 1,000,000 161,OO'luien6, •Ovid~d'-tfe area
.62:0 ' ." ." ""-

is of unit depth. - ,. ,

17. Threshold Visibility Distances of Sky Glow Bright,
nesscs. a. In an effort to obtain data by which to evaluate

1the oacon effect" furnishedjaircraft by sky glow over cities V.

and to establish-the maximum di.stance which .artificial, glow
, . can be detected during various atmospheric.conditions, thresh-

*old visibility distances from the air for several sky glow
brightnessesdwere obtained atPoint Pleasant, Npw-Jerseyi and
Jacksonville Bea6h,"'i . In",alli ,ab th&.airdt'ft in-
-olved flewdiractly east from the tst,'kr6b"hfid-the'o6bervers'

*[: recorded the maximum distance the artificial glow was barely
. perceptible. ,-"
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:Simultaneously,,~brightneas of' the glow-was recorded from various
looations 6n land. -ResiAlEb obt~ained are set forth in'Table 6.
By s~bttacting'tfie distnc9ebbtIveen test~ area .a id point of bright-

nes mestiemnt' from t~hw threshold yi ility di ahce, values

the' miltij-ication of Column 2by~.appr~opiiate value f roni braph

le for'atmcisph'ri.-transiissiors- and distaheesllist'ed in Columns

"l nd -rspectively. '

Atrhospheric B3rightness measured Threshold Computed Brightness

trandm~ission 5 miles from test area visibility resi'dual at thresh-
per 1000 feet. (micro-footlamberts) 4istance old visibility dis-

___________ ________________(miles) tEance(ricro-fbotkzrbets)

98' 1423 43 . '.12.09

98 398- 38 5.97
98 .249 33 6.22
98 16W 23 12.87
85 530 29 0.00
85 430 25 0.00

.85 258 12 0.00
85 28 6 0.15
ali. 96 .6 0.14

Values of Column 4 represent the brightness contrast
between the naturtl bitckgro'lnd brightness and the Lartificially
created sky gl~ow which was barely perceptible to dark-adapted
air 'observers. .These contrast values vury between zero find 12.87
micro-footlsmiberts. This variation can be caused by a humber of
factors; among them being faulty dark adapta-tion of tlYe observers,

£ ' . roughness of the air, varitations in clearness of the windows of
-the aircrct,And the greater difference in brightness required
'byi the 'eye t6 distinguish ai contrast as -general level .of,-illumi- ~
nation increases (ncturul horizon brightness wn ttpproxima~tely li -- 'a,

to 2 times higher Cor amospheres having light transmission
factor of .98 per cent per' 1000 feet than those having trrnsmissions

*' of 85 "'nd 81 per Pent). The curves of G raphs 4 and 4a have been
devel.oped from the data-.taken by use of Graph le with the Eassumption
that, under the test conditions (dark, moonless night), 0.15
micro-footlamberts ;iS'the smllest difference in'brightness of
extremely low'illumination levels which can be detected by dark

* adapted observers from airecaft for atmospheres having light
transmission of 85 per cent or~less per 1000 feet; and 6.0 micro-
footlamberts 'under s ame conditions L'of~atinospkLe-res' of 98 per cent
or more per* 1000 feet light .trci' i dion with proportional
increase between 0.15 a-nd 6.0 mic p-footlamberts for transmissions
between 85 and..98 per cent per 1000 f -et. Curves of G~aph 4a
reveal thrA on extremely clecnr nights reliatively low* skyr glow
brightnesses may be seen for great distvncos. In fact, sky glow
brightnesses on the order of 1000 micro-footlamborts .t the source
of glow (b'rightnesses man'y times greater hatvc- been recorded over

45
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"cities .rom locations several miles distant) can be detected for

dist~cosin xc'ss of' 90 m4los during dark~j moonloss nights having

.an atiosphoric transmissiobf 99 per cent per' 1000 foot. 
This

-threshold visibity distance for oqual ,brightnes is reduced to ,

.33 miles for 97 per cent" transmission and is only 3 miles for 60 per 
A

cent transmission. It will benotad .thct the curves for low bright-

ness values cross ithin 6 miles. qr:loss of'the source of sky glow; "

which means that' the samd, lov.'iThitj,. brightiess may be soon for -

greater distances under the lower light trahbmission. This effect

is caused by the higher horizon brightness usually pr.evalont with 
>A i'

atmospheres of high light transmission, due to loss obscuration 
of

starlight; and, therefore, 'the- assumption that a greater difference

betvreen the artificial' sky 'glow, nd natural horizon br'hthoss is
..required for dote'ction of the sky glow ,,.t high transmissions.

b. Since Graphs 3b, 3c, a nd 3d give thb rolativo .rxmount of

sky g low brightness produced by a .constant light flux for various

atmospheric transmissions, it becomes possible to evaluate the sky

gloyw brightness which would be produced over a city for any at-

iospheric condition from a brightness measurement made during a

knowm atmospheric condition. Then, by use of Graph ,Va, the m-ximum

threshold visibility dist.nco of sky glow produced by a particular '

city may be computed and its "beacon effect" ovalucted. It must be

borne in mind, hoeover, thatt under conditions of clouds or overcast
skies many times tho expected brightness may b) produced thereon; 1A

,and, if extremely clo-r at-mosphoro exists below the clouds, thros- -

hold visibility distance will be somewhat increased. hIoever, this

inc.ease in threshold visibility distarce caused by higher bright- L

ness on clouds becomes progressively lessas.the atmosphere in- O

creases in density and is practically non-existent for an atmos-

phere having.60 per cent or loss light transmission per 1000 feet. *, .

18. Maximum Brightness of Background 'hich Wvill Not Render

Ships Visible to Submarino Observors. a. Naval observers. Data on

maximum brightness of background which is not sufficient to sil- H .

houette ships wore taken at' both the Point Pleasant, New Jersey, and

the .Jacksonville Beach, 'Florida, tests. Naval officers experienced "

in convoy duty and .anti-submaririe warfzre acted as sv.bmarine ob-

suryors. Night vision tests revealed that those ob'soivors poes-

sqssed about average visuuLl efficiency under low luval 'illumination,
but their exporiende anq kn6wlodgo of the problem under invostig!.tion -

increased their ov6r-all visual efficiency as obserors for this

test to far above the average of that.of inexperienced persons.

b. Procedure. Obsorvations wore made .by the nval officers
using-night binoculars (7-.5) from , boat stationed at pro-deter-

mined intervals' - 500 yarc t67, 6500 yards -. from a target boat
which plyod back and f~rth in front oX the test area sky glow at '

2, 5, and 17 n.utical mild's offshore. Observers were
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stationed at heights above the water level represehtative of con- ,. ,

ditions normal to-submarine construction. For the various pre- ,
determined intei-vals, variation in sky glow above test area was
directedifrom the'observation boat by the naval observers to
such a brightness 'that type of seacraft (target boat), its course, 0 2'
and its speed could no'longer be determined All brightness
readings were made 'rom the observation boat by trained photome-
trists.using Taylor, Idodel A" low brightness meters which were
calibrated each night before test operations began.

" c,. 'nalysis of the data. The data recorded (see table 7)
have, been used in the development of the groups of curves on
Graphs 5 and 5a. Since silhouetting effectiveness is a direct
function of.the total background brightness consisting of inland
horizon brightness plus the artificially created brightness
above 'the test area, the former values have not been eliminated
for development of the curves. From thase curves, it is possible B
to determine the maximum, sky brightness residual at point of
observotion; from all sources, which is non-silhouetting for the
various opnditions investigateu during the teat, and to inter-
polate with reasonable accuracy for other conditions likely tc
be encountered in practice. The curves were developed in the . j.
following manner:,

(1) Since the brightness of the background was measured.'
at the point of observation, the values obtained were already
corrected for distance and atmospheric transmission effects 0. .

on apparent brightness of sky glow (Graph lo). However, the
small but definite "vision blurring" due to the light scattering
effect of atmosphere, and the reductions in angular subtonse of
objects as the distance between an observer and an object is
increased, comabined to produce a curve with an ascending slope
when maximum non-silhouetting brightness is plotted against .- :
distance betwen target and observation boats for a given atmos-
pheric transmission. Therefore, slope of this curve, which is
dependent upon atmospheric transmission and offect of distance
upon the visual anglo subtended by an object at the retina of
the observer's eye, becomes greater with increase in density
of atmosphere. The two factors may be logically considered as
straight line functions with the "vision blurring effect" de-
pendcnt upon both the atmospheric transmission and th. distance
between observers and target boat, while the effect of reduced
visibility is directly proportional to the distance for any
atmospheric conditioni ,....

(2) Analysis of the data recorded with the target boat
offshore 2 nautical miles and writh an atmospheric.transmission -
of 85 per cent per 1000 feet indicates that the slope of the
curve resulted from effect of those two factors and that it
could be used as the basis for detemining their effect at
different atmospheric transmissions and with the target boat

474
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'at diff6rentdistan66s ffPshore. Por instance, the curve for ' .
63 per cent atmospheric tr'nsmissi6n ,with .the target boat off-
shore 2 miles (Graph') wai dalcua ed'as follows: Since the
maxi-mumn non-silhauetting brightness was known by test to be
63.7 micro-foolambertsfor*2000,ards between boats at 73
per cent teansmission" 49.5 rnicro-f ootlJombIerts f.or 2000 yards
at 85 per cent' transmi' ssion, and 90 micro-footlamber ts (average)
at 4600 yards for 63 pe' cen, transmission, a second point oncurve
for 63 per dent transiibsion was etermined by direct proportion,
for the "visibility vs. distance" factor is. a constant for any I
given distance from the target-boat; i d,-hence;,the slbpe of.
the ncw curve will vary from rhaV of the" 85 e cent trans-.

mission curve'only because' of the influence of the *greater
1"vision blurring effect" due to greater scatteringof light
by moisture and othe' particles in an atmosphere of 63 per cent
transmission. As the tdrget boat and the observers draw very
close tdgether (at distances less than 500 yards) both "visi-
bility vs. distafice" and atmospheric "vision blurring" effects
will become less and less and *ill rapidly approach a con-

-stafit value -for all atmospheric transmissions, irrespective of ,-'
-the distance the target ship is offshora.. Since-it is logical
to exipect both of these effects io be at a .minimum for- very
high transmissions (99 per cent and over per 1000 feet); the .
curve for this value was extended until it intersecte'd the
ordinate at dpproximately 30 micro-footlamberts and all curveswere terminated at this point.

(3) Curves for the target boat at 5 and 17 miles offshore
were plotted using the same method described in sub-paragraph
(2) above; that is, variations in non-silhouetting brightness
due to distance of target boat offshore were established by
actual test data, and other points on the respective curves
were calculated using the curve for target boat at 2 miles
offshore and 85 per c')nttransmission as the basis for. deter- -
mining the "visibility vs. distance" arid "vision blurring"
effect for various distances between targe t boat and obser- .'.'..
vation boat and for different atmospheric transmissions4  -

(4) It should be noted that the distance of the target. ,-
boau from the shore influences to an appreciable extent, the
maximum non-silhouetting brightness for a given distance between
target and submarine. Since'the shore outline with its
broken dark horizon of- buildings, trees, and other objects
is readily visible from two miles offshore, while at greater : -
&istances the curvature of the earth and the "vision blurring"
eff,,ct of the 4tmosphere tend to create a more or less uni-

* form dark horizon, it is reasonable to t.ssume that thE .
irregular shore line provides reference points which render
the determination of a ship's type, course, and speed easier
than against a uniform dark horizon. Hence, less background,

%;8
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brightness is required to produce the same hazard to shipping
close to shore. Data taken when seas were high near shore
indicate that the natural roughness of the water surface at
greater distances from shore may also be a factor. It is
logical to assume that the above factors would cease to influence. ,..'
the results beyond a given distance of target boat from shore,
and the test data taken at 2, 5, and 17 miles offshore confirms 0.

this assumption.

(5) The curves of Graph 5a were plotted from data taken
from Graph 5 in order to show the effect of atmospheric trans-
mission on the value of the maximum non-silhouetting brightness
with the target boat at a constant distance from the shore and
with constant distance between boats. .

d. Use of graphs. From factors established by Graphs 5 and .
5a, and by applying the law of decrease in apparent brightness of '
sky glow with distance from its source (Graph lc), it is now

possible to determine the range of permissible brightnesses above
cities as affected by distance from shipping lanes and atmospheric
conditions. An analysis of these values as compared with actual
sky glow conditions over a city will indicate the extent of .
dimming necessary to provide maximum safety to shipping from
enemy submarine action.

19. Variation in Amount of Sky Glow with Elevation or
Depression of Light Beams.- a. Determination of the variation
in amount of sky glow with elevation or depression of light
beams wis conducted at full scale at Point Pleasant, New Jersey,.
(see figs. 17 and 18, for method of controlling elevation of
beams, and figs. 41 and 42 for sky glow effects obtained), and
later checked at reduced scale in the laboratory. Values obtained
from measurements at full scale are set forth in Table 8, and
the values of that table for measurements from the location in
direction of the light beams are plotted on Graph 6. Graph 6a

gives a comparison between the data obtained during full scale
tests and the laboratory tests conducted with a single lighting
unit placed 2b feet in back of a baffle while measurements of
sky glow produced for various elevations of the light beam were

made from a location 75 feet in front of the baffle. Hence, it .--.--
is shown that sky glow brightness, when viewed from a location
in the direction the light beams are pointed, increases steadily
as the light flux is directed fron 180* to 1050 above nadir,
the increase being very rapid foi- angles of 150* to 105* above
nadir; and decreases rapidly fron 1050 above nadir to angles
below the horizontal. A further analysis of amount of glow pru-
duced by zones of light emission Including values obtained when

the beams are directed away from and transversely to the point
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of measurement, based on 1,000,000 lumens per each zone of
30* or 600, is given in sub-peragraph 5a. of Appendix E.

b. These two analyses reveal that the zone of light I
emissTon most productive of sky glow lies between 90* and 120.
above nadir. Since the flux emitted at high angles above the -
horizontal is wasted for normal types of city lighting, any
necessary reduction in sky glow from essential lighting must
be accomplished, insofar as possible, .by eliminating the light -

flux in those zones which are of no value to the purpose of
the lighting, and by confining the flux to zones below the
horizontal in such a manner that the effectiveness of thelighting is not unduly impaired.

4."

Pig. 41
Reams 60* above horizontal. ..

~View from 5 miles west of test area. Beams
were pointed south. Notice high brightness ..-
produced on cloud. """

50

i .4,..-,.

Eeas O0 abve orzonal

.-,'- View. -.-,",,. ., from .- . miles.. west of.... tes area-. Beams. ,",-,-. ,-.,-. ... -.. ,-,..--,'.
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Beam 30 aboe hrizotal

Viwfo 5mlswsto etara em

werepoined outh Notce igh righnes

prdcd-ncod

20 otiuint SyGo ySeiicTpso lui

Bo hstd, h elbeam hed0p above hrona. Poin Ple

werJere pointedksouth.l Notce hloih, brtepstine
with l prodced onrtclod. lt utmblsolvlgon

20i. Co) ntritsionhto Skglow byr Specifilatye auooie ascend-.
ntionads Reuins ier stGlow Acopsishe byow Varu driving
ohigh Treamn, and Vhicla r hodedp. (fg.14 Test procedureuied

Newglo Jere, an t Jakoville Bvachriou oditon were oatioed from

locations 5 miles to the north and south, 5 and 7 miles west, and
a 2 nautical miles east of' the test area. For procedure followed

when actual vehicles were used to simulate mi9xim~mi nirht coastal
highway trefic, see sub-paragraph (5) below.0
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4

I-01

Fig. 4.'.3[.,.

Test lighting units eqitipped with 6 inch hoods are shovm _'-.'-
above. The i/4-ton truck with loud speaker equipment was '- .-
used to instruct ground crews in test procedure•.'' - '

(2) The effect of up-grades.- Table 9presens data

taken at Point P'lea'sant, New Jersey, on the increase in sky ,''
glow which racy result from upgrades (the same effect may be *-
produced by improperly adjusted headlamps projecting their -,-

i ~beams at angles above the horizontal). In front of the beams @.

- ~(measurements from 5 miles south of test area), the apparent .,
sky glow may be increased as much as 5 times when vehicles ,..."'

" ascend an upgrade of 1* (approximately 4% upgrade) and 4
"" times for upgrades of 5@ (approximately 9,/ upgrade).'''-

(3) The effect of various methods of shielding and

hooding head~lamps in reducing sky glow.- The comparative '-.
reductions in sky glow to be expected from various methods .i

of shielding and hoding are given by Tables 9a and 9b and 4 .[.
are presented graphically in Graphs 7, 7a, and 7b. Table *"..
9c indicates the relative reductions accomplished by the

various methods of shielding and hooding as measured from ..--.
.., a location in front of the beams. These data represent.....

.. ". -.

'4 0

". ,"Fig. 43
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probable order of magnitude rather than exact ratios.

(a). Sky glow from headlamps directed toward the observer.-
In Tables 9a and 9b and Graph 7, the effectiveness of upper shield-
ing or hooding combined with passing beams for the reduction of
s glow is indiceted. In comparison to unshielded passing beams,
1/2 shielding reducea sky glow ap-roximately 75 per cent (60 per
cent at the Jacksonville Beach, Florida, test due to different
street surfaces from those at Point Pleasant, New Jersey). Six

a inch hoods were responsible for reductions of approximately 80
per cent (probably due to absorption of upward light reflected
from horizontal prisms of the lower half of the lens) and 3/4
shielding reduced the glow approximately 84 per cent. These

* values represent the order of magnitude only since they may be
expected to vary somewhat depending upon the reflection factors
of roadways, the type of headlamps, and their beam patterns
resulting from focus of lamp. While 3/4 shielding and 6 inch
hoods reduce the light above the horizontal slightly more than
1/2 shielding, the greatly reduced road illumination from 3/4
shielding results in driving hazards which outweigh any advantage
to be rea-lized from the further small reductions in sky glow;
likewise, the man hours and materials required to prepare,
install, and maintain hoods does not recommend their use as a
practical sblution. The ]ast desirable method was shown to
be shielding the lower half of the lens (fig. 44), which resulted
in redirecting a ereat wmount of light above the horizontal,
thereby increasing the sky glow as much as 60 per cent above
unshielded conditions for the passing beam.

- .Fig.044

[.-.'-:--.

Fig. 44 . .
Sky glow produced by 2358 sealed beam h,,adlamps,
positioned with lens face vertical, with the lower

4"" half of lens shielded in combinvtion with driving
beams, as viewed in front of lemps from 5 miles away.
Note the shape of the glow and the angle above the
horizontal Yt which the light aprears to be direzted.
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This increase is due to internal secondary reflections, frou
the masked portion of the lens and the reflector, added to
the normal upward light from the upper half of the lens. The
angle at whi.ch the resulting light beam is projected into the
atmosphere may further increase the apparent brightness, since
tests- showed that sky glow from a given amount of light flux
will 'increase rapidly as the angle of projection above the hori-
zontal increases from 0 degrees to 15 degrees when the beams
are pointed in the direction of the observer (see Graph 6).

(b). Sky glow from headlamps directed transversely to
and away from the line of sight of the observer.- Data in ', *

Tables 9a and 9b and Graphs 7a and 7b reveal that the sky glow
,. produced by'motor vehicle headliphting when beams are projected

transversely to the line of sight of the observer or away from
the point of observation is a very small per cent of the glow
resulting when the beams are directed at the observer. Shield-
ing the .upper half of the lens further reduces the glow in the
above directions. Such limiting directions of view infrequent-
ly occur; and, even in the oase of one-way coastal highways
leading away from the ocean, the glow resulting from unshielded
passing beams, under certain atmospheric conditions and
sufficiently heavy concentrations of traffic, could be hazardous
to coastal shipping within two miles of the glow. Half shield-
ingard pass.ing beams, however, will in such cases greatly re-
duce the'"hdzard and will remove it entirely for most coastal
highwaysa (See sub-par. (5) below.) '

(4) Sky glow produced by maximum concentrations of city
traffic.- Table 9d presents data on sky glow resulting from
arrangement of lighting unite in the Jacksonville Beach test
area to simulate actual maximum night vehicle concentrations
to be expected in 1/5 square mile of the densest treffic section
of cities above 200,000 population (App. G). Of the 804 sealed
beam headlanps used, 222 lamps were pointed north, 170 east, 222
south, and 190 west. Ileasurements were made from 5 miles north,
south, and west of the area, and from 2-nautical miles east.
The brightness produced by unshielded lamps was found to be haz-
ardous to shipping at five miles from source of glow for atmos-
pheric transmissions ranging from 65 to 75 per cent. This
brightness would have been approximately one-half less for an
atmospheric transmission of 95 per cent per 1000 feet. Hence,
the higher atmospheric transmissions, and the presence of
buildings along the streets (not typical of the test area) to
absorb some of the light from the lamps would somewhat reduce
the sky glow, but it is unlikely that the reduction would be
sufficient to render sky glow from this typical arrangement of
automobiles in a city non-hazardous at 5 miles. The combination
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of half shielding with passing beams, even for, the high brightness
range of ihe lower +ansmissions,, reduced the .sky glow measured
from north *and so--ch stations (direction of maximum concentrations
of lamps) to valyes within the range which navql observers in 0
othe'r tests ..Lidcaited .vere noi-hrard'o'gx.tb" i ping . However,
for large citi'e, the values' obt6aiedmus-t bp increased by factors

*,established for the additioh of .sky glow.br-ightnesse8- from ;v-eas
in line (sub-par. 16b(2)) and fromareas alongside (sub-'pxr. 16b(3)).

.It. is apparent that under crtain, conditions,. automobiles"using
-half shielded headlamps on passing beams in large cities within

5 miles of shipping lanes nay, produce glows hazardous to shipping
.uring the early .evening hours- only" '\hih ar" th e hours of maxi-

" mum light traffic. As the distance of the city from the shipping ,
lane increases, atmozpheric absorption of lIght rapidly reduces
brightness apparent at the shipping- lanesi, and the hazard. to
shipping is thereby decreased. The concetration oT automiobiles "
, investigated here was typical of conditions before gasoline

. consumption vas greatly restrict ed; and it is probable that for
distances over 5 miles from the shiping lanes, presewb city

.traffic-employing half 6hielding and passing, beams would provide
a safe'margin before the sky glow produced from those light
sources only would beco.e hazardous at any utmospheri6 trans- S

-i mission typical of aierage weather conditions in coastal areas.

(5) Sky glow pr'oduced by typical concentrationsof _tor_"-

vehicles on coastaf highways. (a) In this test, automobiles of
various- nakes with sIAr-t--Fcrheadlighting (only a few with sealed
beam lamps) were arran-ed to simulate imaximum traffic per mile on 0
main coastal hih'rays' (App. G, . Beginning at approximtely I mile
from shore line, 35 atomobiles were spaced 150 fet apart with
lamps Pointing toward the sea, and in the adjacent lane 15 were
spaced 550 feet apart and directed away from the sea. A four lane
concrete highway (reflection factor 24 pen cent) which ran' on a
line perpendicular to the coast line over relatively flat terrain
was used. Direct light from the headlamps was obscured from ob-
servers by buildings, trees, and a baffle at th shore end of the
hi-hway. Data recorded, at observation stations 2 iailes 'south, 1.7
miles west, and 2 nautical miles east are given in Table 9e.

(b) The glo.x produced by unshielded headla,.ips (driving -
and passing beams) was in the hazardous rnge when .observrd -both
.rom thc -direction of th" 'sea and from the statioh on the high-

way. The station at side of beams recorded non-hazardous glow.
Half shielding :in combination:with passifig beams reduced the

@ glow to a range considered non-hazardous f6r the atmospheric trvns-
rmission (81 per .cent per 1000 feet) encountered during the tvst.
Wh'ile these 2 mile values for holf shiclding may be expe6tqd to

* increase with lower atmoaph ric trans.missions and decrease. wdth
.,higher transmissions (for distances greater* than 2 miles the. valus-.

'will be less for all transmnissions), the fluctuation within the
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range of transmissions tpic4l oP coastal areas should never be
sufficient to ind6oaso e sky glow to hazardous levols for m.ximum -
motor vehicle coidohtrutidrns on coastal highways -

b.. •Stroet Lighting.- (T Computation of sky glow.- The
contribution to sky gl1ow above a city by street lighting depends KI'
upon the typos of lumina-iros, the wf.ttago *of the lamps:, the ro-
floction factor of the streets, the color, h6ight and arrangement
of nearby buildings, and the illumination on the striet. Standard
practice based on: traffic flow is given in the table below:

Traffic flow
basis of streot Mounting
classification height Spacing measured

Street . Maximum night of along middle

Classifi- hour traffic Lvrp luminaire line of street
caition flow in both Lumens in feet in feet

directions

1000 15 90-110 staggered
Very light Under 150 2500 20-22 130-170 I
traffic" 4000 25-30 200-250 center

Light 2500 16-18 100-120 staggered
traffic 150-500 4000 20-25 130-170

6000 -22-25- .130-170

Medium 6000 20-25 100-120 staggered
traffic 500-1200 1000 22-27 130-170

15000 25-30 130-170

Heavy 10000 24-28 1010-150 opposite
traffic 12.00-2400 10000 24-28 75-90 staggered10000 24-28 150-180 opposite

V ery heavy".- '"2400-4000 15000 25-30 100-150 opposite
traffic

Heaviest Over 4000 15000 25-30 100 opposite 0
traffic

The wido v'ria.tions from this practice found in most cities, and
the lack of uniformity in practice betwveon cities, make impossible
the conduct of full scale tests to obtain data reprosuntative of
mount of sky glow produced by normal city street lighting. How-
ever, fundaiental data recorded at both the Point Pleasant and the
Jacksonville Beach tests, whon applied to street lighting of a city
whoro actual conditions cIn DC uscut tainfd by surv-y, mkes possible a
r,:sonably Lccur,,te co,put.tion of th- sky rlow by aibstituting total

1 Street lighting standards of the Illuminating Engineering Society. .. -.
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emitted.-Imiens above. aard&,el'&V'..t1 horizontal from the street
5- li hlting luminaires in service,. multiolied by proper maintenance

and "eflection factors. or L;i4 the equation given in sub-para-

graph-.l-4) as.foll&Ws:.. ....

18.02-15 .56t f M (+ t 5.2(n+-)
0 i (l+fl+fl+f2+f2) A' t5,28(n+Ab)g, ~~~Br =--,> ,

Br - Sky glow from street lighting residual at any point

fl,' 2 - additive factors for laterally adjacent and next laterally 6

adjacent areas of unit width

A - number of areas of unit depth in line with point for which

residual sky glow brightness is computed

: - Maintenance allowance - estimated lumen output of luminaires
in per cent of lumen output with lamps and luminaires new
and clean. .A value od 8M/ may be a reasonable estimate in "
most muni~ipalities. ._.

- Percentage of upward light from-the luinaires-and reflected
_7 from the street surfaces not absorbed by trees or buildings.

This must be determined by actual conditions in the area
under consideration

L- lumens which would be em:.tted above the horizonalby new,
clean luminaires

Lb- lumens which would be emitted below the horizontal by new,
clean luminaires . .

R - average reflection factor of thd pavements

0
t - atmospheric transmission per l000' 6et

n - nur',er*of miles from area under consideration.

The above equation is based on a reasonably even distribution of
lxx.inaires throoghout'the area for which glow is computed: If"
the Itminaires ai -i unevenly distributed, the equation must bi"
broken into its component divisions of unit areas, as set fd6th
in sub-paragraph 16c(4)(b), for more accurate computations.

" (2) Types of luminaires.- A survey of luminaires in use by .
cities revealed that, in general, street lighting luminaires are

divided into three distinct classifications: diffusing; redirective,
and open reflector types. The generated lamp lumens emitted above

and below the horizontal varies with each type as shown in the

table below:

-57- •
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TLumer.' in per cent of lamp lumens "...,

~. .Diffusing Redi'rective Open reflector

luminaires luminaires luminaires-

Above .the horizontal 35 7 5. 'S

Below the horizontal -..... 53 75

Total 70 60 80

Since the angle at which the generated lamp lumens are emitted

is an important factor in determining the brightness of.the

resultant glow, the above table should be used in establish-

ing the values for substitution in the equation of sub-para-

graph (1) above, when exact photometric characteristics

of the luminairo are not known. .0'

(3) Reflectance of streeb surface and LAurrounding.
buildin s. Light directed toward roadway by luminaires will

normally undergo many reflections before becoming a part of
the sky glow over a city. Reflection factors of roadways and

buildings may vary from 5% to 3(/, and measurements should
be made whenever possible to determine the proper valubs for

substitution in the equation of sub-paragraph (1) in the "-

interest of accuracy of results. Surveys indicate that, for

average city conditions in business districts, less than 10%
of the light incident on the street becomes effe,'tive in
creating sky glow. -

(4) Reductiqn in downward light accompanying restric-
tions in upward light.- Since dimout of street lighting
usually requires shielding of luminaires to -absorb light

above the horizontal together with.a reduction of lamp
wattage, resultant hazard and retarded movement of essential

traffic must be-weighed in relation to the primarr purpose
of the light reduction. Visibility is essential to, safety;

and, at very low levels on roadways, visibility may become -.--

so poor that total blackout would be no mor6 hazardous to
traffic movement. As a-basis for analysis, three degrees

of reduction in upward light from luminaires are assumed:

(a) Not more than lYi, of lamp lmens above the horizontal,

(-) iiot more than 3% of the lumens above the horizontal,and
(c) practically no light above the horizontal. The per cent
reductions in downward light which will accompany the above

restric.tions on upward .lJight are set forth in the table ."' .
below:
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Estimated Reductions in Downward Light
Accompanying Restrictions in Upward Light

Per cent reduction in downward light by zones below the horizontal

Type fRestriction (a) Restriction (b) Restriction (c)

of.
.. Luminaire 0-30 30-900 0-300 30-900 0-300 30-900

Diffusing'g 20 0 40 5 65 10 .4.

Redirective 0 0 10 0 75 0

Open reflector 0 0 5 0 20 0

Estimates based upon investigation of actual installations (see
Appendix E) indicate that overall street lighting effectiveness
with the above restrictions would be (a) (0-95 per cent normal
(b) 70-90 per cent normal, and (o) 25-:0 per cent normal. The
figures given in the above table-represent order of magnitude
rather than exact values, and data based upon analysis of local
conditiong should be used whenever possible in study of reduced
visibility accompanying proposed reductions in amcunt and dis-
tribution of street lighting.

c. Liglted show windows. (1) Test procedure.- A model
show window of average size and proportions, w-ired for both

* fluorescent and filament lamps in standard reflecting equipment,
was used. Measurements were made to determine the lumens emitted
by various zones of the trim (background included) using typical
reflection factors ror merchandise and backgrounds. The effect
of awmings, and dimout curtains was also studied. (See Appendix
F for additional details.)

(2) Results. Grtph 8 presents the approximate distribution
- - of lumens emitted by both filaTinent and fluorescent lighted show

windows of the average store or service establishment in angular
zones above and below the horizontal (zones for degrees 0 to 40
above nadir are not included). In the 0 to 40 degree zone above

*- nadir cstimation is difficult since, in the typical window, the a
emitted light is a mixture of light direct from the overhead un-
louvered equipments and reflected from the merchandise and back- , _.
grounds. Ordinarily, the lighting units are so positioned near

. - the top of the glass that direct light from the lamps and re-
flectors is incident upon the glass at a high angle. Much is

4ruflected internally, the remainder causes a peak in illumination
within a few feet of the building line. When either incandescent
or fluore.scent lighting is used, the lumens in the 0 - 40 degree
zone vary between 1200 to 2000. Hence, total lumens emitted above
and bclov, the horizontal by average incandescent and fluorescent

- -.- 59-.9
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lighted show windows with and without awnings and vth and
without typical cloth mesh dinout curtains are -as follows.

...... Lumens emitted from an average show window
. Incandescent'Lighted S

- ,No Awning Awning

"o curtain Curtain No curtain Curtain

Below Horizontal 1462 to 2262 150 to 220 1462 to 2262 150 to 220

* Above Horizontal 489 120 190 50

Fluorescent Lighted

Below Horizontal 1525 to 2325 165 to 235 1525 to 2325 165 to 235 S

Above Horizontal 431 105 140 35

*ith no dimout treatment or awnings for the window, the total
* light emitted upward is less than 500 lumens, about equivalent S

*.-. to total output of a 40-watt filament lamp. With a lowered \ . ."
awning, the total light emitted upward ranges from 140 to 190 £,.

*- lumens, the lower figure representing the output of a 15-watt
filament'lamp. iith dimout curtain only, the total light " -*."

emitted upward i-3 not more than 120 lumens, or less than the
'total output of a 15-watt filament lamp. Vith both curtain

and avning, the light emitted upward is about equivalent to
the total output of a 6-watt filament lamp. All of the lumens

* " einerging below horizontal, in the typical cas6, must undergo
one or more reflections at relatively low reflectioh factors
before reaching the upper air; and a considerable part of all
upward light is intercepted by buildings and trees which generally 0
htve low reflection factors. It is logical to assume that less
than' 1/2 of the lumens incident on the sidewalk would reach the

upper air without secondary reflections. Dimout curtains on
show w4indows are very effective in reducing light emitted upward
as well asthe relatively large numbers of lumens emitted below

m ~the"her i zbntal.L(3) Sky glow calculations. By applying reflection factors

of surroundings as determined by measurement of actual conditions
to values of Graph 8 and above tables, total lumens reaching
the upper Eitmosphere from the average show vindow can be.appoxi-

O mated. The sky glow resulting from the window may then be calcu- O
lated by substitution of' the proper values in general formula
given in sub-paragraph 16c.(4)(b.). Total sky glow from show
windows will therefore depend upon their concentration in a
given' area. Data are available (see Appendix F) on the average
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number of display windows in cities of various populations.
However, general computations of sky glow should be based on
local, surveys where possible, since population alone is no true
index of the concentration of lighted show windows in a given
area.

d.:. Other :types.o. liting& The fdregbing sub-paragraphs

have deat" with analysi.s of sky glow produced by three specific
types of lighting. Sky glow contribution by any type of light-
ing may be computed by.the general formula given in sub-paragraph
16c.(4)(b) if the lighting is diffused, or by variation in sky -
glow acc-ording to zones of emitted lumens for different directions
of viewing if the light is not diffused, as given in Graph 6
and Appendix E. For the latter method, variation at source of
sky glow with atmospheric trinsmission may be taken from the
direct beams curve of Graph 3.

21. Light Sources and Illuminated Surfaces Visible from
the Sea. In addition to reduction or elimination of sky glow,
coastal dimout is concerned with lights which may be directly .'
visible from the sea, including light sources themselves, the
glowwhich may be produced around lighting fixtures under
certain conditions, and the brightness of illuminated surfaces.. .
Such light may be effective for great distances in aiding sub-
marines to locate and identify ships. To obtain data on this
phase of the dilmout problem, various tests were conducted with
specific light sources and illuminated- surfaces, including
automobile and bus lighting, traffic signals, minor aids to
navigation, small and large vertical surfaces, and large hori- -

zontal surfaces. Experienced naval officers were stationed at
1000 yards from the target boat which plied back-and forth in
front of the light source or illuminated surface at distances
of 2 nautical miles and 5 nautical tiles. These officers
judged the hazard to shipping caused by ,each type of lighting
tested, and when possible, directed reduction in illumination
to non-hazardous levels. All such observations were made during
the dark of the moon.

Ja. Automobile and bus lighting. (1) Eight automobiles . . -

* with various types of head and tail lighting and a 35 passenger 0
bus with normal interior illuminc.tion were used at Point Pleasant, S
New Jersey, for determination of hazard to shipping effected by
motor vehicle lighting. Naval observers with the unc.ided eye
and with night binoculars (7.5) determined which lights con-
stituted a hazard to shipping ut a distance of 5 nautical miles.

4 Table 10 sets forth the results obtained. The zenith, sea
horizon, and inland h'orizon brightnesses recorded during test
were respectively 220, 90, and 110 micro-footlamberts. This
table reveals that all exterior lighting of motor vehicles, -.

including half-shielded headlamps, 250 beam c.ndlepower head-
lcaps, and tail lamps, when pointed seawrd constitute a hazard
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to 'shipping, if observdr.'s xfsbnih binocular. .. -The, standard
biThcikout driving light when pointed seawiard wa. 3.doclarod hazardous ~
beoause it, was imprope'rly -aimed, which projqcted the beam horizon-
tally r,%ther than 1 d6grd- below the horizontal.'

(2). W'ith vehicles moying parallel to thvo coast line; i.eo.,
Wt the VAIhIcies rnov:Un~ 66 path -potpondiculai: to the line of

-~si& pf the* soa. ',observers, half hidd e daUaiips on both driving

and Patsing boams; '25O'beam' c.iAndlepower hoadlcrwps,.
bla6kotit h dAaips- 6kii, lights, anid.tail lamps proved to be

noYhazardous when sea_ obs6rVors, With night gl~gss.weore stationed
5 aitca oofshr '1ovrr undor 'actual cb'nditions, this

arrangemen~tboVt6oon the iaovin* oehicla band' the..sD:-observers is '-

never maint ,'inod. for 'an'appro ciable time. Even yhen a~ roa d is exa.ct-
ly parallel to the coast, sea obsorvers havb. a zbner :of maneuver
of 180 degrees within which tliey cen sb position;.themselvos th~'t

-. heir line of sight is not perpendiculatr to the pa th of eithor one
or: 'the':e.t hei diroction:-of' trctffjic. Curved, t'oads, inlets of

.the 6oa, -and sin, l-,r f e'tures, of -coiarjo," always establish a
number of' ,points from wl-ich v6hicle lighting will be dir--ctod

~(Thd normal itorioi illimnifti'Mon of 2.56 horizontal
footcads at~ top f seat armis 6,f' thd 35 pcissongcor bus used in
the stti y Proved b,,.rely satisfactory when vieweod with night
glasses fr m 5 nautical miles at 'sdai 'This illurnin--tion must

be coiq~iderably reutwe ho v1'6vw~ng distanco-is decroased
to 2nataliic.' -

* (4) Table 10a presents datel similar to thd aboVe which
Vfero obt'~iq with the t~rgot boat 2 nduticel miles prom tbhe

. light sour cos rind the nava-l obsorv ers* 1000 ya'rds fa*thar. A,
*special tes' 'cr '(f i.31 oqvipod .aihvr'eu~ tyoes of head- -

* ,ights-so ;xranPPd that i~ desired v'oI'-agi&..ould-bo obtained and
*a Navy,,bus (o~i left uiid6r wind~fs, ft '45)- wereo 'isea in this

*. .(5) Wi.th th-.t,-rC,-t borat. 2 nautic.al riilos away, all1
igh'ting t'estoA'w,uith -the, oxcdptio'*n of.. thaAi~mtican standard

*blackout- hcnalwhmb, wvs in th, ju~dg~mont of the experienced
naval observors hazardous to 6hijpning, both while the light
Was pointod directly scawaard -nd'uhile thY) ve:hicles were
-moving parallel to the coast l'iji6 (porpndicular to the

lin ofsiht of obsorvo'r). Prkn lights =nd tail1 lamps
wlere not observed during this soriuS' of tos ts; howevor, they

*had been declire:d haza~rdous from 5 n?'kutical Milos wheon they
Vrv - pointe directly. sovwared' -.nA'it caoi be rassun.Od, in
v iew,, of the one volt Dpermi~tud 'oi scaled boam h,.adlamps,
th at they : re hazardous ahun moving parallel to the: scea A.rth
tcrget bo:at 2 nautilcal maile-s _,way. It' c;-,i thtreforc. be: con-
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cluded that any type of normal exterior vehicle lighting must be
extinguished when vehicles move on roads or streets which permit
direct viewing from 2 nautical miles or less at sea, and any
exterior lighting which is non-hazardous to. shipping, with the

exception of blackout headlamps, is of no driving value, except ,"-

as markers. - '
,

(6) The illumination level permitted in the bus when the
target boat was 2 nautical miles therefrom is considerably less

than that permitted when the target boat was at a distance of 5

nautical miles. The illumination as measured inside the bus on

a 450 plane 36 inches above the floor varied for different points
of the interior from 0.02 footcandles to 0.38 footcandles (approxi-
mately the illumination provided by full moonlight to 19 times the
illumination provided by full moonlight). This level of illumination S
is sufficient to provide safety of movement within the bus,

373

Fig. 45
View of bus in position for test of interior illumi-,++..
nation. Windows above bus and to the right were used-'.:'°
to determine maximuma permissible window brightness [,-.
when target boat is 2 nautical miles from them. ':'

,.. ...

be Traffic signals. (1) Voltage on a standard three color
light-traffic signal employing 60 watt 120 volt lamps and center ...
suspended at approximately 14 feet above road level (this was,''''-.:
approximately, 24 feet above sea level) was reduced at the direction '''

3...
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of naval observers from 2 nautical miles away until the signal
was no longer considered hazardous. A voltage of 32 volts was
found to be non-hazardous but signal indications were poor on
all but dark, moonless nights.

(2) When the yellow traffic signal lens (selected because
of its higher light transmission factor) was fitted with a louver
consisting of 6 vanes, each 6 inches in length, spaced evenly "
along lens diameter and bent downward at an angle of 7 degrees, ."

the operating voltage which produced non-hazardous brightness
was found to be 42 volts. The combination of louvers and 42
volts on the lamps produces color inaications adequate under full
moonlight for the control of traffic at distances between 10 to f" -

" 300 feet from the signal (distance specified for all light and
atmospheric conditions except dense fog by the Manual on Uniform
Traffic Control Devices for Street and Highways). Such indications,
however, are not adequate as signals during daylight.

(3) The above data provide a basis for the treatment of 4
traffic signals which Rre directly visible from the sea. On the

*' other hand, no modification of traffic signals is required from
the standpoint of reduction of sky glow (i.e., in areas not direct-
ly visible from the sea). The amount of light above the horizontal
from a traffic signal employing 60 watt, 120 volt lamps is approxi-
mately as indicdted below: L

~Lumens above

Color of lens the horizontal

Green 7.4
Red 18.3
Yellow 28.8

A portion of this light is absorbed by trees and buildings. There-
fore, upward light from the number of traffic signal lamps operat-
ing simultaneously in a city is insignificant. For example: On
the bas.is of city squares 300 feet by 300 feet, with every inter-
section controlled by standard three light traffic signals, one

* for each direction of traffic movement, approximately 256 lamps
would be operating simultaneously for a major part of the traffic -
cycle in an area 1/2 mile by 1/2 mile (384 traffic signal lamps

for a small portion of the signal cycle). The above figures will
have to be raised by an appropriate factor for cities which employ
more than one signal face per direction of traffic movement.

c. Street and highway lights. Throughout the offshore obser-
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vations, the naval observers complained that shaded street lights .

on shore were definitely hazardous to shipping at distances of
nearly 4 nautical miles. They were declared non-hazardous at
greater distances. The street lights observed were of two types -

(1) a lamp, without globe, operated base down and shaded by a
deep conical shield, and (2) normal street lighting Ituninaires
with the globe made opaque with paint except for a vertical slit.C
on the side away from the ocean and indased in a cylindrical shield,
having an opening in juxtaposition to the slit (some light, however,
was Irojected through the top and bottom of the hood). Since the
light source, bulb, and diffusing globe when used were shielded in
both instances from direct viewing from the sea, the hazardous light
6r glow detected by the naval observers was produced by a "halo"
effect around the shields. Because of this halo effect, these methods
of shielding street and highway lights from sea observation do not
eiiminate hazard to shipping within 4 nautical miles of them.
Fulther, such shielding permits only small splotches of light on the
roadway surface within their immediate vicinity with very dark areas
belween, thereby creating conditions particularly unfavorable for
safe traffic movement. However, the fact that these shielded lights
did not constitute a hazard to shipping at distances greater than
4 hautical miles suggests that many street and highway lights which
are farther than 4 nautical miles from shipping lanes may be modified
by less restrictive shields to eliminate hazard to shipping and yet
retain a reasonable measure of their usefulness, provided that large
vertical surfaces visible from the sea are not illuminated to hazardous
levels (see sub-par. e(2) below). Methods of providing non-hazardous
illumination on groun areas within 4 nautical miles of shipping lanes
are given in paragraph 22.

d. Minor aids to navigation. (1) Tests of the possible assist-
ance fn !ocating and attacking ships given to enemy submarines by
minor aids to navigation were conducted in cooperation with the Aids
to Navigation Section, Headquarters, United States Coast Guard. The
test apparatus consisted of the following:

(a) Three 200 mm 3rd District type waterproof buoy lanterns
with pressed glass lenses - one clear, one type C red shade, and
one type C green shade.

(b) Power source consisting of twelve cells Willard DH5-!,
500 ampere hour, low discharge cells connected in two parallel banks
bf six cells each tapped for both 12 and 6 volt supply.-

(c) Ten Wallace and Tiernan, type FU-839, 6-10 volt, single
contact flasher mechanisms, with cams cut to give the following

- 65-
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flashing characteristics:

Cycle on Off On Off

Sec. Sec,. Sec. Sec. . Sec.

'410.0 -1.0 9.0
10.0 5.0 5.0

'410.0 0.5 9.5

5.0 1.0 4.0
5.0 002 4.8
4.0 0.4 3.6
4.0 0.2 0.6 0.2 3.0
3.0 0.2 2.8
3.0 0.3 2.7

1.0 Co.3 0.7

(d) Three Wallace and Tiernan, 6-15 volt, Type FU-1297,
four-lamp lamp changers.

(e) Supply of S-1l, C-8- filament, prefocus base lamps of
following sizes:

6.2 V -0.25 A 0
6.2 V -0*70 A

12.0 V -0.55 A
12.0 V -1.35 A
12.0 V -3.05 A

of (2) The above apparatus was installed on the east parapet
ofthe roof of the Atlantic Beach Hotel (see figs. 8, 32, and 46)

at a focal plane height of 29 feet 8- inches above high water and
connected to facilitate rapid chanres in candlepower, color, and
flashing characteristics.

Fir. 46-
* Minor aids

-- - - rtion in-
* - -stalled on

VII parapet of
Atlantic
Beach Hotel.

V View from
seaward side.
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(3) Preliminary observations on land by naval observer elimi-
nated further test of a number of the flashing and intensity charac-teristics because of obvious aid which would be given to submarines

in detecting ships. On the following night, observations were made ,
from the sea with the target boat 2000 yards from the shore nnd the
naval observers using night binoculars (7.5) 1000 yards farther.

During the observations, atmospheric transmission of light per 1000
feet v,,ried between 87.3 and 91.3 per cent. The sky was clear
throughout duration of test, visibility was 12 miles, wind was from
the northwest with a velocity between 6 and 12 miles per hour, and
relative humidity varied between 68 and 73 per cent. Sky and inland '
horizon brightnesses recorded from the sea at beginning of test
were respectively 150 and -L micro-footlamberts. Table 11 lists the -.-.
observations on hazard rating of minor aids to navigation of various
color, intensity, and flashing cycles in respect to possible aid
provided enemy submarines in locating coastal shipping. Conclusions
reached by the naval observers as result of this test are as follows:

(a) Maximum permissible candlepowers for flashing or fixed C.

minor Tids to navigation, on the basis of eliminating possible
assistance afforded enemy submarines in locating coastal shipping
at night, for the colors listed are:

Red 165
Clear 90
Green 30

(b) Flashing lights give less assistance to submarines than 0
fixed lights.

(c) The degree of possible assistance .given by minor aids to
navigation to submarines in locating and attacking ships decreases
as the eclipse period increases and as the length of flash decreases.

For maximum freedom of ships from detection by submarines, the -
eclipse period is theoretically infinite and the length of flash
zero, practically they should be the maximum and the least respect-
ively that can be used to attain the required functions of illumi-
nated minor navigational aids.

e. Non-hazardous brightnesses of vertical surfaces. (1) .----
Smallsurfaces.- The maximum brightnesses of small vertical
surfaces incapable of providing aid to submarines in locating and . .-
attaching their prospective targets were determined by means of
illuminated windows. The windows were covered with diffusing
screens and illuminated from the interior of the rooms by special

A light boxes so designed that various intensities could be obtained
without color change in the lighting. (See Fig. 47 for typical
arrangements). Naval observers directed reduction in window RI
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Fig. 47'

" ~Typical arrangements, showing diffusing sqreen on window ',"
;" ~and special light box, f or test of maximum permissible - .''

brightness of small vertical surfaces visible from the sea. ..,.

~brightness until levels non-hazardous to shipping were obtained. .,-

:.. Ten consecutive windows on the third floor of the Monmouth Hotel ,".,
- ~at Spring Lake, New Jersey, were used with the target boat 5 ,-,
J nautical miles therefrom; results are set forth in Table 12. *,
" ~(Also, see figs. 48 and 49). Further tests conducted with target,,-
~~~boat 2 nautical miles from 9 windows, including 3 double windows, :
:-- of the sacond floor of the Atlantic Beach Hotel, Atlantic Beach, o..-.

;"- Florida, (see fi-. 45) resulted in determination of maximum per- -....
:.• missible brightness for that distance when the neval observers,-.-
". used night binoculars. Comparative figures-when night binoculars,'""

j.- are used for the observations for the two distances and conditions L-,
U are listed below:

-II

!-"' Target boat 2 nautical Target boat 5 nautical ,.

i.%' Y' • -

.'• miles from windows miles from windows '-

A1 M aximum permissible -.
•brightness .009 footlambert .05 footlambert

.'V Numer o winows 9 (6 single, 3 double) 7 single
!. .[ Size of windows !

Single 36 inches by 60 inches 32 inchies by 42 inches
2 Double 72, inches by 60 inches '

J" ~Atmospheric trans- c''
2:mis s ion per 1000 fet 80 to 84.7 per cent 81 per cent, -.

-68 - .-
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i.

(2) Large surfaces.- The east walls of the bath house of the

Atlantic Beach Hotel, as shown in figure 50, were illuminated by..

floodlamps, and the resulting brightness was reduced at the direction:h

of naval observers until it was declared non-hazardous to shipping

at a distance of 2 nautical miles from it.

. Fig. 48-

A stage in
the reduction
of wi ndow
brightness,
Spring Lake,
ew Jersey.

0b'..

* 
S

Fig. 49--
. Brightness of

these windows " " "

(0.123 foot-
lamberts) was
declared non-
hazardous to'
shipping at
distances of
not less than

5 nautical miles
when naval ob-
servers used un-
aided eyes. A
brightness of
0.05 footlamberts
was declared per-

missible when ob-
servers employed
night binoculars.

-69-

* . -*,~.*.** *-*- - - -



- . CONFIDENTIAL'r

-

.~ ~ ~ ~ .
. ...

"

Fig. 50
East walls of bath house of Atlantic Beach .

Hotel. hite stucco with reflection factor
of 54 per cent - Jacksonville Beach tests.

The wall in the foreground shown by Figure 50, was 16 feet high
by 36 feet wide, while the one with the inverted "V" roof was 25
feet high at the sides by 31 fee. wide,or a total area of 1200
square feet; both were of white stucco with a reflection factor
of 54%. The brightness of this wall declared non-hazardous to
shipping was .006 footlambert as compared with the .009 foot-
lambert obtained for the windows. Hence, maximum permissible
brightnesses of vertical surfaces decrease as the illuminated
area increases. However, the permissible brightnesses of verti-
cal surfaces greater than 15 square feet are so low that they
approach blackout levels.

f. Use of approved indoor blackout lamps. War Department ,

aporo6ved indoor blackout lamps or units used to furnish a low
level of illumination either outdoors or indoors do not produce
. hazard to shipping at distances of 2 nautical miles or more.
When ten consecutive rooms of the third floor of the Monmouth
Hotel at Spring Lake, New Jersey, were equipped in the proper
manner with approved indoor blackout lamps, the illumination
provided was not even detected when viewed 5 nautical miles

'70
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therefrom. During the Jacksonville Beach tests, a wooden porch,
A- 115 feet l'ong and 25 feet wide (see fig. 8),of the Atlantic

Beach Hotel, -was equipped with 8 indoor blackout lamps on 12
foot centers, and mounted at 8 feet 3 inches above floor level.
The porch overlapped the white wall (reflection factor 54 per
cent) of the building for 40 feet. The orange light from the
lamps produced a wall brighTness of 500 micro-footlamberts.
From 2 nautical miles away, the light provided by the eight ,'
lamps, including the wall brightness, was not even detected.
Hence, on porches, in yards, in corridors or rooms having
'windows visible from the sea, and similar places, a low
level of illumination sufficient to permit safe, comfortable
movement without creating a hazard to shipping at distances

* of 2 nautical miles or more. therefrom may be obtained by use *'"-"

of War Department approved indoor blackout lamps.

22. Illumination of Ground Areas in Locations Visible
from the Sea. a. For study of permissible levels of illumi-
nation on roadw~ays and other ground surfaces in areas visible
from the sea, and the utility of such illu.mination for traffic
movement, a section of Atlantic Boulevard in Atlantic Beach,
Florida, (App. A) was selected. This roahay is perpendicular , -£

to the shore linei Its surface is part red brick with reflection .
fastor of 16.8 Der cent and part concrete with reflection facto,.
of 24 per cent. The seaward end was. equipped with a 10 foot
highi whitewashed baffle having a reflection factor of 80 per
cent. Three 150 watt PAR 38 bulb floodlamps in deep hoods
were installed on existing poles at a height of 18 feet above
ground. These lamps were spaced 420 to 450 feet apart, directed 0
to avoid illu,.Anating vertical.surfaces insofar as practicable,
and so connected that illiiaination on the roadway surface could
..be varied at.will. A perspective sketch of the arrangements

is given by Figure 51. Naval observers stationed 1000 yards.
farther at sea than a target boat which was 2 nautical miles
from the test area directe-d adjustment of the various combinations
of illumination possible to non-hazardous levels for the atros-
pheric transmission conditions prevailing (82.7% per 1000 feet).
After permissible illumination Khd been established, citizens
of the community coopermted by furnishing and driving their
private cars, and commenting on traffic srfety and operating

-A conditions when vehicles do not use any lighting.

b. First, the baffle alone was illuminated on the land
k side by means of floodlmps until the glow produced around the

baffle was no longer hazardous from the ship silhouette ,stand-
point. This brightness as recorded from the observers' boat was
55 micro-footlamberts; inland horizon brightness was 42 micro-
footlamberts; and zenith brightness wa 95 micro-footlamberts.
Brightness of baffle on land side under above conditions was
6.7. footlamberts at vertical center line, and 3.7 and 2.4 foot- ,.'

lar.berts fifteen feet to right and left of center line respectively. ,'.
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Driving tests aonducted without any vehicular lighting revealed
• that the illuminated baffl finely silhouetted obj,.gts and per-
sons up to considerable distances fronm the baffle when direct-
ly in the line between approaching cars and the baffle, but

, persons and vehicles moving into the roadway Prom sideiValks
and cross streets wer4 e not noticeable until in line with the

* , baffle. The sudden appearance of such persons or vehicles
. from darkness at the side of the road was extremely dangerous.,

Driving away from the baffle was, of course, similar to driv-
ing without any illumination except the natural "brightness
inherent in dark, moonless nights,, and was .veryhazardous.

* Pedestrians had great difficulty in detecting vehicles approach-
ing the baffle. Such a system ,of lighting proved inadequate
for'driving even at very low speeds and was adjudged'totally
impractical.

c. Next the three floodlamps were turned on and the
lighting of both the baffle and roadway was adjusted until
brightness of the test area was termed'non-hazardous by the
naval observers. This brightness as recorded from the obser-
vers' boat was 46 micro-footlamberts while inland horizon
brightness was 42 micro-footlamberts. Brightness of land
side of baffle was 0.35 footlambert at the vertical center S
line and 0.35 and 0.15 footlamber 18 f~bt t6 bhe right ind left
thereof respectively. Brightnesses of the roadway surface
were as follows:

Roadway Brightnesses in Footlaberts

Distance from mounting Lamp No. 1 'Lamp No. 2 Lamp No. 3
pole along center line. "(second (farthest

of light pattern (nbarest ocean) from ocean) from ocean)

15 feet .05 .005 .002
30 feet. . .02 ,002 - - S
45 foet .008 . -,-J

60 feet .003 - - - -

Roadway surface Red brick Concrete Concrete
0 Reflection factor 1".8% . 24% 2All

The above illumination on the street ( a maximum of approxi-
mately .3 footcandle on the brick paverhent) proved adequate
for driving at low speeds (12 to.15 miles per hour) with light

* traffic, and is just below the recommended average value for
medium traffic (500 to 1200 vehicles pdr hour). However, the
recommended value of illumination from street lighting alone

is predicated on the continued use of headlights; nevertheless,
such illumination when headlights are not used is adequate for

9., -'72-
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light traffic at low speeds when careful attention is paid to
personal safety by both drivers and pedestrians. yhe illumi-
nated baffle provided little additional aid to drivers except
.6i' those approaching .it, and such. illumination is not con-

sidered of gfactical vdlue. "

d& After completion of driving tests for the combination
of illuminated baffle and street lighting, the baffl v's removed
and the street lighting increased until the naval observers
indicated that maximum allowable from ship silhouette stand-
point had been roached. Brightness of the test area then _____

measured from the observerst boat was 45 micro-footlamberts,
'hile inland horizon brightness was 30 micro-footlamberts.
Brightnesses recorded on the roadvay surface were as follows:

.Roadway Brightnesses in Footlhnmberts

Distance from mounting Lamp No; 1 Lamp No. 2 Lcmp No. 3 0
pole along center line (second (farthest

of light pattern (nearest ocean) from ocean) from ocean)

15 feet .07 401 .0130 feet .05 t05 .05
45 feet .01 .02 .02 0
60 feet .005 . "
75 feet •002 ....

IT

Roadway surface Red brick Concrete Concrete
Reflection factor 16 A 8 24% 24%

This provided a maximum illumination on the roadway surface of'
.4 footcandle vich is the recommended average for street light- '.
ing (when headlights are also used) for streets subject to ,.
medium traffic, This illumination was judged adequate for safe .1- ,i
operation of-motor vehicles in light traffic at speeds up to
15 miles per hour, provided intensive use is made of traffic
control markings and drivers and pedestrians practice reason-
able caution,

e. The principle criticismis of the experimental street
lighting concerned the glare from the floodlamps and the non-
uniformity of the light pattern on the roadway surface which
left dark spots between the lamps. Since glare and non-uni-
formity of light can be eliminated by a properly designed system, :
little significance is attanhed to the criticisms.

f'. When a system of dimout street lighting is installed 0
on sections of roadways visible from the sea, care must be
exercised to prevent hazardous glow or "halo" effects which may
be produced under certain conditiofis (see sub-par. 21c). Full
utilization should be ihade of natural shielding provided by

73 - 0
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trees, buildings, and other growth and structures.

,.. 23. Summary of Results. a., Fundamental laws control- '

ling sky glow.- Fundamental reT.ationships between amount .
and distribution of light, atmosphere, and resultant sky
glow, as established by this report, permit accurate calcu-
lations of sky glow brightness which, under any conditions of

&tmosphere, would be residual in any direction and'at, any
distance from the source of upward light. Theserela.tionships
are expressed as'follows: "

(1) Sky glow resulting from a lighted area is a function 77
of concentration of the lighting units, the-amount and distri-
bution of the light, and the prevailing atmospheric trans-
mis'sion (sub-par. 16c and par. 19). Sky glow produced at ,
source of diffused uward light is computed for unit areas
(i/2 mile by. 1/2 mile) by the following equation (sub-par.

L 1018.02-15.56 t
" I~;000,000 ""'

(2) For diffused light, width of area operative in
causing build-up of sky glow brightness at the center of the
width is 2- miles, i.e., lighted areas to a distance of one
mile each side of an area of "- mile in width add part of
their brightness to the brightness produced by the upward
light in the area of I mile width alone. These additive fac-

* tors vary inver.sely as the..'tuosph~eric transmission. (sub-
par. 16b(3)(o). The equation for computation of sky glow at

N '[ source over the long dimension of an area " mile in depth
and more than -Z mile in width is as follows (sub-par. lc(3):

1018.02-15.56t (l+fiLl+f lL2+f2L3+f2L4)
'.-'2 Bi = 1,000,000 '"'

(3) Artificial sky glow brightness residual at all dis-
tances from source of upward light varies directly with 'the
nth power of the atmospheric transmission. This relationship

0 is expressed by the equation, Br = Bi tn; Br is apparent '
brightness at any location, Bi is apparent brightness at any
other location in line with the Br location and source of
upward light, t is atmospheric transmission per unit distance,
and n is the distance between Br and Bi divided by unit dis-
tance (sub-par. 16a).

(4) Residual.brightnesses of two or more skyu.glows at
any location from which they can be viewed in line are direct-
ly additive (sub-pars. 16b(l) and 16b(2). For two sky glows,
this relationship is expressed by:

- - '.,J_7
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(5) Computations of the apparent sky glow brightness which

would be residual under any conditions at any distance from the

area or areas of diffused upward light may be made by solving @

the equation developed by substituting the Bi values of equation
given in sub-paragraph (2) above for Bi of the equation in sub-

paragraph (3) above or for B1 and B2 of the equation in sub-
paragraph (4) above. On the basis of unit areas (selected as
2 mile by j mile) having same amount and distribution of light,
recurring in line, the equation becomes (sub-par. 16c(4): S

Br i018 .02-15.56t (l+fl;-fl+f 2+f2) (n+A-_)

when t is expressed in decimals per 1000 feet, A is number of
unit areas in depth of area, and n is number of miles from
first unit area.

b. Threshold visibility distances of sky glow brightnesses.
The dstances artificial sky glow can be detected from aircraft
under various conditions are established. On extremely clear
nights, relatively low sky glow brightnesses may be seen for
considerable distances. In fact, sky glow brightnesses on
the order of 1000 micro-footlamberts at the source of glow
(greater brightnesses have been recorded over cities from loca-
tions several miles distant) can be detected for distances in
excess of 90 miles during dark, moonless nights having an atmos-
pheric transmission of 99 per cent per 1000 feet. Conversely,
extremely high brightnesses ar- Itectable for only short dis-
tances with denser at.mospheres.A brightness of 1000 micro-foot-
lamborts can be seen for 33 miles for 97 per cent transmission
per 1000 feet and f6r only 3 miles for 60 pe cent per 1000
feet and at the latter transmission, relatively large increases
in brightness do not significantly increase the visibility
distance (par. 17).

c. The effect of clouds on sky glae; produced by a constant
light flux. Extremely high and unpredictable brightnesses may
be reflected from clouds or overcast skies (figs. 33, 34, 35,
41, and 42). if very clear atmosphere prevails beneath the clouds,
such brightnesses may be reflected in the water and produce a
light path at near and far distances from shore against which
ships may be silhouetted. However, cloud fori:,.tions are transi-
tory and constantly changing which reduces the hazard .,which they
may cause due to the short duration or changing position of the
light pattern. •

d. !axirun background brightness which will not render
ships by silhouette to submarine observers. Background briF,,t-
nesses of low magnitude are capable of silhouetting ships, The
magnitude of mximum background brightnesses which will not ... -

reveal passing ships to submarines varies with three factors: •

-75-
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(1) inversely as the atmospheric transmission, (2) directly .

as the distance between the submarine and its prospective

target,'and (3) directly a's the distance of shipping lanes

from shore. The' latter factor is no longer operative when
distance from shore is such that the irregularity of the

shore horizon cannot be distinguished. M5aximum non-hazardous

brigh-.ess of background with the target boat 2 miles off-

shore ranges from 30 ,icro-footlamberts for an atmospheric

tr.nsission of 99 per cont per 1000 feet. and 1000 yards 4

between submarine and target to 105 micro-footlamberts for
atmosphric transmis.sion of 63 per cent per 1000 feet and
6000 yards between submarine and target; with the target

"* boat 5 miles oif shore, the maximaum non-hazardous brightnesses
become 79 micro-footlamberts and 184 micro-footlamberts
respectively. (Par. 18). ' U

e. Contributions to sky glow by specific light sources.

(1) Vehicular headlamps. Motor vehicle headlighting'is a

factor in producing sky -lauo above cities, and in maximum
night concentrations typical in cities above 200,000 popu-

lation may alone produce sufficient glow vith favorable atmos-
pheric conditions to increase'significantly background bright-

less at distances of .28 miles or less from source of glow.

Night concentrations of traffic on main coastal highways may
produce sky glow in front of and behind the line of traffic
hazardous to shipping at distances of 8 miles away. Driving

(high) bemas on the average for both standard and sealed

beam headlamps, produce approximately 2 times the 'glow from

passinr (low) beams. Shielding and hooding headlanps sub-
stantially reduce sky glow; the reductioiis from unshielded
passinqb'eans aro appioxinato1 67 per cent for } alf shieldi.ng-

x84 per cent forthree-quarter shieldinS, and 80 per cent for

six inch hoods. HIalf shielding headlamps with use of passing
beams pr.ovides the most economibal and practical method of
reducing sky -low to non-hazardous levels vith maintenance L
of adequate road illumination for safe driving at reduced

speeds (sub-par. 20a).

(2) Street lighting. The contribution to sky glow
above a city by street lighting depends upon the types of
lu.minaires in service, the wattage of the lamps, the illumi-
nation maintained on the streets, the reflection factdr of . -.

the streets, and the color, height, and arrangement of near-
by buildings. Although conduct of tests to evaluate this

contribution from a representative city is impractical due
to wide variance in practice between cities, such contri-

0bution is no aoubt considerable, and a metnod 'dased on
local surveys is provided for its computation. ith present
types oV luminaires, light cmitted above tneehorizontl.
canot be elininated or greatly reduced by practical shie-lds
without accompanying reductions in dovmward light for those
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angles near the horizontal needed for even distribution of street X'v,,-
illumination between luiinaires and, hence, adverse effects on
safety and speed of movement of street traffic (dub-par. 20b.).

(3) Lighted show windows, Fluorescent lighted vi ndows will
on the average emit slightly less light above the horizontal and
slightly more below the horizontal than those with f ilament :Z
lamps, the values being as follovii-

Lumens emitted from an average show v ndow

Incandescent lighted Fluorescent lighted

Below horizontl 1462 to 2262 ' 1525 to 2325
Above horizontal 489 431

Total 1D51 to 2751 1956.to 276

Dimout curtains and/or awnings greatly reduce the amount of
light which reaches the upper air - a's much as 90 per cent
when both dimout curtains and awnings are used. Surveys of
actual number of lighted shoe vlndvs and reflection' and

-v absorptiion factors prevailing in an area are needed for compu-
tation of sky glow from show windows in that area. 'These
computations can then be made by substituting total lumens reach-
ing the upper atnosphere from show windows in equations previous-
ly fiven. (Sub-par. 20c.).

f. Light sources and illuminated surfaces visible from
"the sea, Light sources, the "halo" glow which may be prdduced
around lighting fixtures, and illuminated surfaces may be
effective for great distances in aiding submarines to locate and
identify ships. Therefore, the distance of shipping ilnes from ,:
shore is an important factor in treatment of light sources,
and in establishing permissible brightnesses 6f illtminated
surfaces.

()V~icular lighting. At distances of two miles or less
to shipping lanes, all automobile lighting, with exception of
the approired blackout headlamp and a low level of interior illumi-
nation. (0.38 footcandleu on a 45 degree plane) constitutes a
hazard to shipping regardless of'hether..the vehicles are moving
parallel or perpendicular to the opast line. With the exception
of the approved blackout headlight, all types of he'adlighting,
including parking li.hts and 250 beam candlep'ower headlamps,
are equally hazardous when viewed directly from 2 and 5 miles
offshore. However, at distances of 5 miles or greater, half
shielding iith passing beam's and normal tail lighting are non-
hazardous when the vehicle' is moving parallel to the shore line
vrith the lnps visible from' the side only. Normal interior
illmination of test bus (2.56 horizontal footcandles) is also
non-hazardous &t a distance of 5 .ailes.' Baffles erected at the
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end of.streets opqn:to the ocean "are not totally effective in -

'educing the hazard.of automobilo lighting approaching the A
baffles directly. Headlighting on cars approaching. within 300
feet 6f the baffle create a sky glow due to 'light reflected

* from its surface and the road~way.,which is .judged hazardous

by naval observers 2 miles pffshore. For maximut effectiveness,

baffles should be so constructed that the direct light from

, approaching cars would be obsiructed'a all angles and positions

visible.'from the, ocean, and its surface should be painted a

matte biack to fs'oib the light- falling..up.on it. Even proper-

iyc9nstructed.baffles, however, cannot eliminate the hazardous

sky glowIrirm"tihr'at~ d headlamps -produced in the atmosphere

in front of heavy concentrations of traffic on highways approach-

ing the' ocean. (Sub-par. 20a(5) and par. 22).

(2) Street and highway lights, 7Yhen less than 4 nauti- .

cal miles to* shipping lanes, street and highway lights require

careful treatment to eliminate hazard to shipping. Generally,

extinguishment of such lights is 1ndicated, However, on

essential streets and highways which approach the shore direct-

ly, a special lighting system, which confines the illumination .

to the street area,, by means of hooded floodlights, directed

away from the sea and mounted at least 20 feet above street

* level, makes possible safe driving without headlighting at

reduced speeds. with proper spacing between floodlirhts and -

by utilizing the natural shielding provided by buildings Dnd

.,... trees, such a system of lighting was judged safe by naval

observers from orfshoie and.by drivers on land ihen illumi-
nation levelson the roadway did riot exceed Q4 fotcaiia1e. .

This specidl lighting should be donfied to coastal streets

and highvays from which headlights are directly visible at
sea but is not needed in those instances where headlights are

only momentarily revealed by curves and upgradec with long-

time intervals between succeeding cars (maximum night volumes

in both directions not in excess of 200 vehicles per hour.) ..
At distances greater than 5 miles f. shipping lanes, street

lights need orkly be shieldedf-'ord all Points .at sea, provided

large 'vertical surfaces visible from the, sea are' not illumi-

nated to hazardous levels. (Sub-pa:r. 21c.and'21e.,)

(3)' Trafftc signals. Traffic signals ,not visible from S

the sea do not produce sufficient sky glow to justify special

dimming methods. When directly visible from the" sea, they 7.
are hazardous and dimming is required. Reducing lamp voltage

until non-hazardous brip.htness. is accomplished results.in -

unsatisfac.tory signal indications at required distances from -

the unit. Combinations of reduced voltage"(42 volts for 60
watt 120 volt lamps) and special louvers (6 inch - 7 degree

louver) are safe at two miles 6fi'shore and also provide f-.-
effective signals, for night 'operations, but not for day
time use. (Sub-par. 21b). "
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(4) 1I.inor aids i6'navigatiol. The degree of possible assist-*-**

ance by mior aids to navigatioN- given to submarines in locating

and attacki.ng ships decreases as the eclipse period increases

and as lengthof-flash decreases. For maximum freedom of ships

from d&tection by submaii~nes, .the adlipqse~period should be the

maximum and the flash period the.,minimum that can be used to

attain- the required functions of illufftinated mino- -aids to

navigation. .(Sub-par. 21d.). 
S

(5) Illuminated vertical Msraes ,aximaum permissible

brightness of vertioal surfaces variesTwith their size and

their di.9tance from shipping lanes. Brightnesses perm-issible

on vertical -surfaces within tkvo miles of shipping lanes 
are

generally of no practical usefulness. (Su.b-par. 21e.)6

(6) Indooi blackout lamps. Wiar Department approved

indoor blacekout lam0ps usea either indoors or outdoors provide

a low level of illixiinntion without causing a hazard to

shipping,'* (Sub-par. 21f.).

0
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IV, DISCUSSION

* 24. Sky Glow as a 3rightness Jackground for Silhouetting
Ships. a.- Non-silhouetting background brightnesses.- (1) Critezi,
for determination.- (a) The criteria applied by naval observers in
judging whether or not a background brightness was hazardous to
shipping differentiated between threshold visibility of a ship as
a distinguishable but unrecognizable object against sky and water

brightness and supra-threshold visibility which was just sufficient
for dark-adapted eyes aided by night binoculars (7.5) to determine

the type, speed, and course of the intended victim of an attack.
The justification for such criteria probably lies .n the fact
that a submarine comm,.nder must have certain information upon
which to hazard an attack with reasonable assurance of its success-
ful prosecution. Nevertheless, the factor of threshold visibility
cannot be entirely i.nored, since the ability of a submarine
observer to detect distant objects decreases the chances a ship
has to escape attack, for, once it is located, the submarine can
close in until visibilit is sufficient to reveal the details
necessary to hazard an attack. On the other hand, the practice
of enemy submarines of lying offshore from sources of sky gow
at distances suf'iciently close to shipping lanes to determine
the required details of passing ships, and the restricted field
of vision resulting from use of night binoculars, suggests that
threshold visibility and the factor of a chance encounter arc of
relatively liss imiortance than a background of sufficient bright-
ness to reveal required details. Therefore, ability to judge type
of ship, and its speed and course as it passes before a lighted S
background, ws the major criterion for establishing maximum non-
hazardous brightness of background.

(b) Lxporicece in submarin,. warfare and cunvoy duty,
visual efficiency at night, and the state of dark adaptation of
the eyes of the observers would affect the accuracy with which
this criteria could be applied in obtaining data during tests.
Thu fact that c hi h dcgrc of accuracy was attained is evidenced
by consistency of data taken for similar conditions out at different
test locations, and by duplication of results with different
nn.vl obst;rvers.

(2) Range of, and factors influencing, non-hazardous
triphtnusses.- Tt.st rusults realod that non-hazardous bright-
ness of background is not a singlo value but rang.es from zro +o
11 maximum of approximately 220 micro-footla.mbrts (Graphs 5 and
5a), dcpending upon thru(e varirbles: distance of shipping lanes
from shore, atmosphric transmission, and distrnce between the
prospoctive t:rgct and the submarine. Therefore, in evaluating -.

the hazardousness of a lighted background or in est.blishing

-80-

7. 77- %°

~~. . . ..... ..".•"......."F " -' . - % ' •



- ~.

permissible liit of &a'rif ioial skr.glow, thes' three factor's must
be given due conasider~qtion in their relationship to prevailing
conditions..-

(a) Distance ,of shpiglanes off shore.- '5ith all other
var5..Woles. constant. the fanher the shippi _ng lanes are rroin the shore
liiie, the higher is the non-hazaedous ba~ckground Wrightness. This
condition i-s probably due *eo differences in shore horiion outline
resulting from the curVature of the earth and tl~e lessened ability of
'the. eye to differentiate detail at greater uIstancos. These factors
-progressively obscure the definiteness of' the shore horizon outline
wnd thereby eliminate the high and low points and uneven brightnesses
'which may serve.as references by Which an observer can more easily
determine speed and course of ship. At distances at which the
cuivatvro of the earth and visual limitations of tho ey6 obscurce
definiteness of shore horizon, the required background ')rightnosses
were more than 100 per cent greater than those for locations closer
inshore, ror the same atmosphurib bo-nditions and distance between
targe(t boat rand observer. It is to beI expeocd thht increase in
distance offshore bocomces lcss &nd 1.ess cn influencing- factor bn non-
hazurdous background brightnoss as dijstrnce from shorQ results in a
uniform shorc horizon. :idnce of this d.duction is presented by :.-KI
Gr~aph 6a which revcals the much prcatecr diffetrential in nor.-hazardous -k

brightht~ssos be-.t*ween 2 miles and! 5 miles offshore as compared to the
dif'fernces rt.corded bet.,voon 5 iils ad 17,riailps offshore, with all
othnzr conditions romaining, identical. Roughness of t~i,, soct, which may
increcse. w-Ith distance from shore, ptAr~ticulurly o'f a lee shcr-, also
wtas apourontly a factor contributing to higher non-hazardous bright-
fosses r-,cordcd at grerter distancles from shore, sinc(e observers
reportud Freat difficulty in tho application of crite.ria% under rough
sea conditions. Sinoc maximum non-hrzardous brightness of background
ma~y incr.ease ov..;r 100 p(er cont with distance from shore, the position
of shipping lanes vith respect tc s1~brc should be: !onsiderod in
cstuolishing practical limits of trtificial sky glow, for amount of
liight which may be usod a~t source of glow also7 increases with incr,4&sc

.in permissible sky glow brightness residual at shipping lanes.

(b) Atmosph-_ :ic trtansmission.- Graph 5a shows tho wide
variation i'n non-hazur'dous briglitness resulting from change.s in a~tmos-
pne.r.ic transmission in th, range common to coLastal arf.as of the Unite~d
*Statos. "iith all other ;.orid.tions thce ;;ua, tehighc r non.-"ilhou tiing 2;
brightne.ss at the. loacr atmosph';ric triansmissi-on &ppar~ntly wa~s due to
th,, "visi-on-blurring" effect of p(,rticlbs of rmatter end vx~t.cr va~por
in the air, the.reby naking ricc ssary higher background brig-htnesss for
visual definition rquircd by th%; htazardous crittrit.. - This as:,urmpbi6n-_
is given further weight by the r'aQt t;.a-,Lt tA-, Slope of the; curve bccomcs
auc h rurate.r as t1. distan1ce between the_ obsftrvcr and ith, target boat
incrouscs. This increase in slopu may be oicfyconsidered zas duo
entirely to "olurring cffttI of the_ ttiusphsc-r,. sinc-. the vzriation in
visutl &cuity is af fvctod only by the, dist-,nco b,,t,.vccn targ--.t boat ruld
obsorv-ltion bot which is c, constant for otch curve of Gr Ph 5f..



- Atmospht'ic transmission is an important factor in
selection of maximum non-hazartdoUs brightness value or range in
still another way by its influence on residual sky glow resulting t I
at stated distances from a unit quantity of upward lighti On
Graph 3Q, 'the atmospher o*-tran nisionoat which'residual sky glow
will be the greatest 'for a giveA Unit quantity 6- upward light at
variousdistances from the sodrco of glow is shown. Comparison of
this graph with 'Graph 5a, reveals that the higher ,mon-hatardous
background brightiess at lower transmissions means that the
upward light at the souco must be' proporti6nally less when with-
in 6 miles or less-of shipping lanes and chn be proportionally
-rater when moo than 6miles fiom shipping lanest This reversal -
in amount of light at the source results 'from the fact that . i
residual brightness' from i unit quantity of light increases with
decrease in atmospheric transmission at a rate many times greater
than non-hazardous b,-ckground brightness for distances less than
6 mil-s from the source of upward light and decreases with
decrease in atmospheric tianismission for distances greater than
6 miles. The critical transmission at 5 miles from the source
of glow is approximately 70 per cent per 1000 foot and at greater
distances' its value increases with distance until beyond 6 miles
:the hipghest tr.ansmission possible prodUcos the highcst value of

S. residual sky glow per unit of upward light.

Therefore., the range of atmospheric transmission values
- - normal for a locality or region not only plays an important Dart

in the solcctipn of a suitable non-hazardous brightness value at
thu shipping Janes, but also influences the extent to which various

* typos of lighting responsiblu for the upward light will have to
be dimmed in prdor not to exceed this value for the most critical

-' ,ntmosphoric c'onditions likely'to be encountered.

(c) Distance'between Targut Boat and Submarine.- As
distance betwen the eye of the observer and the object to be seen

increases, visual acuity decreasos because of decrease in the V
visual angle subtended by the object at the retina of the eye; and
higher background brightnssus are required for discernment either

by direct light or by silhouette. Graph 5 shows the relative
magnitude of this factor on non-hazardous background brightness
by curves drawn for 99 pur cent transmission, since the "vision

* blurring" effect can ko considered negligible at this transmission.
As the distance butwoon target boat and submarinc decreases to )6

less than 500 yards, the curves for any distance offshore and for
all atmospheric transmissions would logicvlly approach s common,
low value, since "blurring" and "visibility-distance" effect no
longer influence the value of background brightness required to

oreveal the boat by silhouette. It is 'unlikely, howver, that
- submarines would normally approach that close t.o their target;

and naval observers considered that from '2000 to 4000 yaris wore
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the critical torpedoing distances to be considered in the deter-
miato ofn*hzroA 6g-u brightness for any given 0

b. -'Effect o2 silhouetting hazard res~alting from reduction
of artificia1 sky glow.- (1) Since silhouetting effectiveness is a
.div.bt f.Vlction of the total backgroiind brightness consisting of
natural horizon brightness plus' *arifibi'6. 'TRy~tow, complete elim- .-

ination of hazaid to shipping directly attributable to background
brightness can only be accomplished on the darkest of nights. Neover-
theless,'degree of hazard undoubtedly is progressively reduced as
background brightness decreases to levels which make it more difficult
for enemy/ observers -to obtain the information upon which to base an
attack. *Thorafore, greater safety to shinpping can be provided by
eliminatincg or reducing artificial sky glow on those moonloss nights
which have natural horizon brightnesses within or close to the non--
silho.ketting range... Conversely, significant increase in sa^fety is
not obtained even by complete elimination of artificial sky glow on
moonlit nights when nAural background 'brightness is subs tantially
highor than the non-silhouQtting ratnge and artificial sky glow is -

a very small part of total brightness,.

(2) Approxim, ions of horizon brightness b- e on .vil.
able data, which anpe .r to hold within ro:sonable limits under re-
pres_,ntativa .conditions of cloud oand atimosphoru arc sot forth in
the following table-

Order of Magnitude -

Moon phase Ifoon position Clouds\a of brightness of sky
near horizon micro-0

____________ _____f ootl ambert s

Full Noc~r zonith None 2,500
Light 5,000

110 avy.2,000

Full Near horizon None .1,500

Light . 2,000
10 aVY 500

Fine cru-Iscant Noar horizon llonc.. 200
Light 300 0
Thjavy 50

no(a) Values a.pply to f~drly clcoar atmosporro under conditions of
noclouds or lig-ht clouds, -and riodc-raxt_,l hazy -tnos-,hr.; under con-

ditions of hcoavy clouds.
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The following table lists unafected horizon brihtnesses
recorded during test for mo6nle9,.,pights," Hqri. zon. br
Atmospheric trans-r. -qrizon brightness
mission in per cent 'Ave'rage - 1Minim um- .Maximum

per 1000 feet Sea Inland Sea -Inland "-.Sea-.lhland

95-100 119 00 81. . 150 186.
90-95 73 93 .. 0 42 80 210
85-90 72 87 . 8 8 .. 125 180
80-85 81 93 . 32" 52 110 140
75-80 67 89 4.8 50 110 120
70-75 68 82 42 45 i00 102
65-70 70 70 . 57 "60 80 .84 . . :

Anaylsis of test data indicates, that natural horizon brightness
unaffected by any artificial glow ranged from a low of 8 micro-
footlamberts to a maxilum of 210 micro-footlamberts for the

moonless nights of the test period. These data are indic.ative
of the fact that artificial sky glow can measurably contribute
to shipping hazard offshore only on moonless nights, since moon- V
lit nights, regardless of the moon phase, are invariably higher I
than maximum values of the non-hazardous range for all weather }
conditions. In addition, on moonlit nights a further aid to sub-
marine is given by the reflection of the moon in the water creating
a lig-ht path against which a ship is also clearly revealed by
silhouette. The value or logic of dimout on nights when natural
brightness far exceeds the non-hazardous range is therefore question-

able, although many practical problems would probably be introduced
by a dimout scheduled to conform with thd" phases of the" inon.

:25. Hours of the Year Reduction in Sky Glow is Effective.-
The total hours of thu year when moon phases and weather conditions
are such that artificial sky glow can be expected to contribute
measurably to shipping hfAzard offshore may have a marked bearing
on policy concerning, and overall effectiveness of, 'imout in
relationship to detrimental results to land activities. An analy-
sis of such natural conditions for the latitude of New England
as' typical of the maxinzmw n-ambcr of dark hors n ountcred along
the Eastern Coast revealed the following:
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Anlysis :)f Dakand bayl ijght Hours Based
on Non-ha-zard lHriz-r, Brichtnoss (Now England Latitude)

N-. )f hours per
year natural horizon

Fur cent- Fur cent- brightness is within
T o)tal1 agor !)f age of or close t., n')n-

Perird ' f day. h.ours total hours dark hours hazardous range

- Daylight hurs 4457 51.0 - 0
Twilight h~urs 1274 14.5 - - 0
1'o-nli rht hours 1500 17.1 49.5 0
Starlight h..urs 1529 17.4 50.5 1529 -

Total 8760 100.0 100.0

The percentage. of tht; dtrk h~urs when reducti mn )r climinati -n
artificial sky glow may bes exp. ct,-d t; be bcn(:Iicik 1 -,s a -it,,,ns of

*passivo defense- ip appr .xin-.tely 50. This percontr., is the maximum
-t to be ex-pected ~n the Eastern 0 -,st a-nd will be rcducei with ltitude

and with the prevclunco )f f - ,.nd rAin whichi w., ulu 'bscure :,ll
artificial sky Cl-,m and c.,risicir-bly redluce na-tiorrl h.rizon brightness.

26. Ship Sinkiafg-s V rsus ~ urs f the., Yig!ht %nd Phascs of the
LHon. - Th c.-nficientiatl ntaturu .'f info~r-i-tticni on thu significant
hours of nig-ht Lnd the c .nditi n -.f tho rmo.-wn -t which sinkings have
occurred in the past mahes it imp~ssiblo t. 'rmm enclusi-.ons concern-
inp the relative i-m-'.rtanco .f Yn,.tural sky rl vi (,,,t sunset .)r dawn,
and ~n m~n,,,-li,,ht ni,-hts) , .s e~nparud writh artificial. sky ,,l )w as an
-id t-. t')rpedoing,. Ill view .)f th(e nui--b,.r -f Ii urs whon .rtificial
sky g-low mirght pssibly be ran aid t ,the emny mnd thc- man h 'urs,
mterials, r-nd disturbance t-, civilian activitics nec. ssary t, re~duce
:ky rl.A ab )vc; u city t. nn-hazard ;us lo:vc~ls, it is -ssuntial that
ac,,mplt,-..analysis :f this ph,,s" *f tho aim ut pr.-blen-. bo c ad by
'-;u' auth rities b,.f m.u th(u mayimxmi sky brig~htness )r ran-e -f

brirhtncsscs up~n which cflr1 ;ut rulati.,ns will bu, bascd is selected.

27. hceducti~n in Lig-htinC Roquirud -f Curtain Larrg C 'astal
Cities t, ot eWckrrotmd Brilfhtnuss 1cquirc..ionts.- As a bausis f ')r
a1pproachinr the pro)blem -)f rctarctatio-i S trwnspcrta-ti')n -.nd lind
z-ctivities )f all kinds which is b -unld t - acc~n.mny reductio..n in
O ssential litht, the cextenit which larrge c-ma.tal cities would hnave t-o
reliminate skcy -lovt, atnd thcarefore reduce upwa,-rd liiht t) riet ecertain
brightness requiremnts is presented. In the f ll'wing table is set
f.:rthroported sky rl~w brirhtncsses observed during early months ef
1941 over Boston, New Yvrl, and Providence:
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Brightness Distance from
recorded city at w,,hich

1940 (rfticro- brightness mieasure-
city Popiilition footlamberts) ment was m.iade (miles)

3oston, 11ass. 770,816 1200 9 -

-Boston, Mass. .770,816 300 25
N few York, N. Y. 7,454,995 4200 13

* few York, N. Y. 7,454-,995 .~615 20. __

Providence, R. 1. 253,504 1300 8
Providence, R. I. 253,504 330 20

Atm.,ospheric transmission was not recorded when thle above bright-
nesses were obtained. Howaever, based upon the assum-ption that
the two brightnesses for each city waere measured under nearly

A samae atmospheric conditions, atmospheric transmission may then
be computed. These computed transmissions are: for Boston,,
98.6 per cent per 1000 feet; for N11ewi York 95,per cent per 1000

* feet; and for Providence, 98 per cent per 1000 feet. In the
table below: are listed rpsidual sky glow brightnesses computed
for an assumed distance from center of each city', r"hich approdi-
mates loca;tions where submarine action against coastal shipping
may possibly be efftotive:

Assuvied distance Computed residual brighit-
fron center of ness at shipping lanes

City city. (m"iles) (micro-footlamberts)

Boston 20 470
Nlev. York 20 615
Providence 32 90

These residual sky Gloa:s for Boston and 1ie-a York far exceed,
nion-hazardous brightness range for any condition of atmosphere
an(! relative location of boats. In the case of Providence,
the residual sky glow is within -the non-hazkrdous range.
These Fare siznificant values in that they are indicative of
the extent to .ThAich coastal cities must aeic hiruwr
light in order to conform to non-hazardous zequirements. For

* exwtiplei

-If perrmissible residual bric-htness from artificial glow,
at the. shipping- lanes is set at (a) 30 micror-footlambert , (b)
100 micro-footlanmberts, or (c) 2,07 micro-footlp'nbert.p, the
reductions in li~hti ng i'equirec! of each city for eac.h assizied ,*-

* standard are as Ifollow.,s:

%'Y



Per cent reduction in upward light
ricqtiiZc or, residual sky glow bright-
nfsb dtcidiimed positi on of shipping lanes of: '

30 100 200
micro-footlamborts micro-folamberts micro-footlamb;rts

Boston 93.5 78.7 57.5
Now York 95.2 83.8 67.5
frovidence 66.7 0 0 2-

28. Need to Weigh Retardation of Viar iLffort on Land Resulting -.*. 5.

From Reduced Lighting 1 gainst Losses at Sea 1{sulting from Uncontrolled
Lighting.- a. General.- There is evidence that present dimout practices
are retarding cortain phasGs of th war cffort, Many industrial--
establishmcnts, especially those omployinr outdoor procosses, provide
a source of sky glow, Preat reduction or elimination of which may result
in lessoned efficiency or serious cuetailment of their operations, High- 0
way transportation becomes slower and more hazardous with reduced street
and vehicle lighting. Besides disruption of land activities resulting
in losscs to the war effort, problems of lowered morale and increase
o crime are involved in reduction of lighting. On the other hand,
it is obvious from past experience that safety of coastal shipping is
endangered by normal use of lighting for conduct of land activities.
This suggests the need for L. comparative analysis of' losses both on
la.nd and sea under norm-.l lighting and dimout conditions in order to
arrive at dimout regulations providing the proper balance.

b.. Losses at sea.- Data on scea losses attributable to sky
glow or exposed lights are not presently availablc and only scant
information has been found upon which to evaluate losses on shore.

c. Lessened production.- :1o quantitative information is
available concerning the Gffe(.t on production of dimout measures taken
by industrial plants, ship yards, and outdoor industries.

d. Highway transportation.- In principle, the overland
transfer of persons and m.toricl important to prosecution of the war
can hardly be rogarded as a. mov .mnt of le)sser iimq.)ortance than a
similar transfer of war porsonncl ,,nd goods at sea. Tho war value per
unit of transportation, either by land or sea, varies with carrying
capacity, importance of load or cargo, ncture of mission, speed of
travel, and similar faetors. ilum,,rojus studits have been and are being
m:wde to deturmine the effect of dimout lighting on th( traffic accident
rate. The data thus far collected show -, w-4du range of conditions
,,xisting. In some cities, night traffic is heavier and more concentrated
than before the war,. and night a,,ccidents have increased and day
accidents hnve decruased; while, in other cities within the dimout z one,
both day and night accieents have decreased.
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*.e. Cofi6usibii.therefo.e::-ufre, specifying the basic
'ligi:CalTe-l~'',tTure dimout piactices-7 the full implicati ons
of'fand and sea losses- having 4a~ £qr mrianoer,.materials,
prodi6:ion, fadiiiitilon. 'of ~hovementy-and the'genera-l well- -.-

being, of the population~should be ascertained and evaluated. -

29. Types of Dimout Programs.- Dimout' programs, which4
provide various compromi-ses bten the requirements for
safety of coastal shipping and the nbeds of war activities
ashore, are outlined .below, .

Contin~uous dinuout.'-l' In. t1hi' -program of. light. K
control, extinguishment ofl .all noii-essential lighti.ng and .

t!he restriction ofl all essential. lighting, such as street
lif-hting,,would be required to the extent that resultant
p rtifiPIa 1 sky slow would never exceed a value determined
as permissible, whatever the phase of the moon, the length
of dwim or. dusk, or.the weather conditions. Analysis of
data (sub-par. 31f(2) indicates that a practical program . ~
can be devised ,to meet the Pundaiiental requirements for
protection to shipping- by dividing the coastal area into
zone~s extending- inland from~ the . oost arid establishing maxi-
mum- permissible sky c-lov values for each zone, based upon

favrabe tmophric cond itions and distance of zone from
shipping lanes. Howuever, the ranfge of non-hazardous back-
ground bri,-htness values at the ship:,ing lanes is so low
that required lirhting restrictions viould vary from total

- . blackout at the coast to eliminatiori of' non-essential .

lirhting only in the zones farthest Crom the sea. A pro-
Frani of this type would be relatively easyr to admainister;
transition from dirnout to blackout wuoul1d be simplified;
the public w,,ould be psychologically c6onditioned for living
under blackout conditions if the military situation made
this necusstry; savings in electric enedrgy and electric
la!n.ps would result; and, rerardless of atmospheric changes, -

natural horizon brightness and ofher-iactors affecting-
the brirhxtness of' sky glow, acrtificial lighting on shore .4

:iould not increase hazard to shipping. The continual
*dimout program is the basic iaea back of present day atttempts

to dim coastal areas.

(2) A modified continuous dimout prograrn;, ,asod upon
a. careiful analysis of t 'he situation o'n land arid at sea 'by
competent nuvul ana army personnel, may offer the best compro-

* ~mi so Pctenofitn eiirernu;nts at stun tznd ashore, The



first step in the preparation of such a program would be to
establish a brightess value from artificial lighting as a
permissible residual eve~y nigh" at shipping lanes, based
upon reasonable safety of shipping and the neuds of war activi-
ties ashore, with proper consideration for such influencing
factors as distance of shipping lanes offshore and prevail- -.
ing atmospheric conditions. Once the basic permissible value
is established, lighting restrictions in the various dimout
zones could'be adjusted to meet the new background brightness
requirements. The modified form of continuous dimout might
be best applied to coasTal areas, where shipbuilding and
other essential war industries are concentrated. :K""

b. Dimout program based on variations in natur al hori-
zon bightnesses. 'D u r ig moonlight, and at dawn and "
dusk, the average normal horizon bri htness (sub-par. 24b)
is sufficiently high that drastic reductions in essential
lighting would have little or no significant effect on ship
visibility'. It is not illogical, therefore; to take
cognizance of this situation by restrictinF lifhting to the

extent required for t,ximum protection to shipping only ,
during the -dark of the moon, and by reltxing or removing ":
all restrictions durinp periods of moonli 'ht; twilight,
and davn, F o r appruxinatelr one-half of the so-called
dark hours (par. 25), it would be necessary to extinguish,
reduce, or treat such essdntial lighting as street and
hig hay lighting, industriE.l protective lighting, ship yard S
and war plant lighting, and buildinp windows. During moon-
light periods, it is 14kely that esoential lighting viould
be permitted to remain undiminished. Non-essential light-
ing would be subject to partial or complete extinguishment.
If carefully planned and executed, this typo of dimout
could provide the required safety at sea during those S
periods w;,hen artificial sky glow is significant. However,
it has many disadvntues, it would be complicated to
plan and enforce on E- local basis: dimout equipment
required to shield or mask during dark period could not
be asily adj usted or r o..ov -A for the moonlight -erio ;
lag in comiliance by public from on( period to the other
mif-ht seriously endanger shipping during the dark period;
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and benefits to war tctivities ashore may fail to mater-
ialize to the extent anticipated, since lighting for continu-
ation of ground activities is more needed during the same -

drk period when dimout restrictions are required for safety
of shipping.

c. Dimout program based on enemy submarine activity.
Dimouts, as in the case of blackouts, might be limited only p
A. ,oerIiwhen enemy activity aas wrn acute menace. During A.

such oeriods, dimout restrictions could be imposed in the
severity required, and could be ordered on moonlight nights
if appropriate. Notification could be through organized
Ar-y and OCD channels, and might come with little warning as

Vi the case of an air raid; but generally the presence- of
eae-.iy ships offshore would be known several hours in advance.
o; the alarm. Such alarm would remain in force for the .
period' required. Since this program anticipates more dras-
tic rostrictions than are feasible for continual dimouts,
rwular blackout equipment and discipline could be employed
thereby accustoming the public to living under greatly
restricted li,-hting for ru&ny hours or even days i.t oeriods
o, no ene.ny activity, li.ohting as usual would be maintained,
thereby providing adequate visibility for the ;fficient
conduot of the war effort Lsiorc. The effectivenessof this
tfme of di.nout will depend upon the efficiency of the warn- . -
ir" ant eliiorcoment ei ganizations and the thoroug:hness of S
public preparation and training for quick compliance. Pub-
lic inconvenience and interference with essential war activ- 1 .
ity would reach a maximui only during alert periods. Other
disbadvantages are similar to those in sub-paragraph b. above.
Tho ,doption of this plun should be consider-d only 1-f coast-
a! wreas have active arden organizations, available channels S

of notification to wardens and the oublic, and adequate
street lighting switching facilitios.

30. Importance of Bstablishinp Basic Dimout Program.
The selection of the most effectiveP dimout technioue to meet
the war r>:quirements at sea and ashore, modification of S
equipment to provide adequate light control, and establish-
ment oi inland limits of the dimout zone ore all directly
dependent upon the selection of the value of background
brightness which can be permitted without seriously endatn!er-

* ing vital coastal shipping. M,

4A
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Theroforo - b-,sic policyj includimg dotornination of an -appropria,,te
incremot ofartficil s g io'" bosed upon '. claruful study by

conpotent nava"l cnd inilitaiy-authorities of th.e: avai 1 ble statistics
on lossos -%shore -is comp~rod to thos a.t so , .upon evaluation of

v ~tho f.%ctors affocting non-hazardou srmg of backgr6and brightnossos
discussed in 'rmcoding p~xr7griphs, and considurat-'-ion of, hatural
ma~ ta-ctic ,.l conditions, should be establishc~d. This -policy will
thon become iihc f ound-ttion upon Wihich a logical diriout, program can
be constructed in ordor to provido apractical solution based on
the relaive roquirements and bonof its on land :-nd at' s, a.

31. Esta-blish mnn of Inl-nd"Limits of Di-mout Zone.- a. Gqn~'ral.- >C?
DeterminAtion of inlmid Uinits of tho dimout zcmo.,:ust necoss;rily
depend on pormissiblo a~rtificial sky glow brightness residual at
shipping, lanes (tas establishod by bxsic policy), the distances of

tshipping lanes from shoro, th; gznior".ted sky glowi brightnossos above
cities of va rious sizes and tho distancos such brightnL-;s.s are
effecti-e in cr-,Ating. -, lihtu-d background sufficiont to silhou'tc
ships, and the possibility that glovis from tio or moro communities in
line with iho sanso loc,-tion a.t suo. will -Ad to produce at resultatnt
hazaordous brightness.

b. Per-missiblo artificiatl sky glow.- Sinc, basic policy
de cisions ha-ve not -.s yut m-n Ae, it J's nocuss ty, in ordor to
analyze the nrobl',r, to %ssum-m cort.ri bri;6ht-vsss as pormissible
incruim-ints fro-i'riii sky glow. r.)sidu.l t shiping lanes. Three
such incrommnt. havu, bQ:n assumed: 30 riicro-footlamborts, 100 micro-
footl.rbortf3, -nd 200 :icro-footl-.mb .rts4 Thejsu briGhtnossos lie near
th,) lowe r and uppor linits -nd th- niddlh of the non-hazardous back-
ground brightnuss range. Ho~iov_,r, only thu first t~ov;h~n -addcd to
naturA horizon brichtnuss,.s normtlly -?rovrilirg on moonloss nights .\

will rusult in -. tot:-l brightn .ss still within th . non-ha-z7'rdous rrng, o.
and tLo5j rusultant brightnmssos will be n~Ar th.; upper li-mits of that r -

c. Shippin, 1anc dist-mcQ from shore.- The dista nce of
sh~ipping l'.ns f rom shore -tff'!cts dista nco in-lfnd to which diracut
rugulations -must bo *'.puliod in th t th,- inl,,nd distance may be

docras~din thc, sa-proportion thtt thj of shoro shipping la.ne
distance is incroeased. jowuLVr, var ring tho inland limits ov tho din-
out z onu in conformnc 'with dista.nce of shipping l'Lnus off'shore in
diff-r,-nt regions s,"eins imxpracticJ -and unrwarrantid ,vuf if the
n ccssary inform-tion conc..rning loc-tion of shipping, lanes wure
,1" 4. abl(' Theruf or, f or Athis discussion, auniformn distance
offshore of 5 ziiles has beun '.ssun,:;d.



d. Generated sky glow brightnesses above cities.-
Quantitative moasurlpmont's on magnitude of sky glow brightness

above cities are very moaer; I. ithe majority of cases, -those ;. *

which, are availAble lack comp.empntry information, such as
atmospheric transmission, upon which to base necessary computations.

Also, no estimates or surveys qo t'otal upward light from any

city, upon which calculations'of, sky glow mhy be based, eai-

available. The following tabrc' lists 'some of the more significant

.brightnesses which have been ro~ordcd over cities:

1940 Brightness Distance Weather

".City Population recorded(micro- from city report %

- ootlamber.t).'., measurement
was madd - "'."

miles -
Under normal lighting conditions

Albany, Now York 130,577 540 13 --

Schenectady, N.Y. 87,549 850 12 --

Providence, IR.I. 253,504 330 20 --

Providence, R.I. 253,.504 1300 8 --

Jersey City, W.J. 301,173 4000' 10 High heavy over-
cast. Intermittent S

rain.

Jersey City, ;.J. 301,173 4600 121 Clear - Humid

Undr partial dimout restrictions

New York, N.Y. 7,454,995 4200 13 High, heavy over- 0
cast. Inter-
•mittont rain.

Non York, N.Y. 7,454,995 615 20 --

Boston, Mass. 770,816 1200 9 --

Boston, Mass. 770,816 300 25 --

Figures for the cities are in most cases maxima o" .ined by a

series of readings covering sevoral nights; thcrolorc, for this
analysis, it is 'issamud that measuromunts -were made under optimum
donditions for production of glow at the point of measuremont.
Th,6 most favorable atmosohtric tr.nsmission for maximum residual

P6. brightness at distances of 8 miles or more from source of upward
light is the highust which occurs or for practical use, 99 per
cent per 1000 fot. Two brightness roeadings are shown for different
distances for the cities of Providence, eiw York, and. Boston. On

the assumption that thuse measurements wore taken under nearly
optimum conditions, they may be us .d to compute actual transmission
necessary to result in the per cont brightness drop for the increase

in distance. These computed transmissions arc: Providence readings,
98 per cent per 1000 foot; New York, 95 pr cent per 1000 feet; and
Boston, 98.5 per cent per 1000 foot. The following tablu presents

* - 9.2.,,--... C .- ,
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distthccs from each city at which residual brig~tnosscs o-f :30, l00Oj
and 200 micro-footlariborts (from assumption in .sub-par-gi-aph -b rbovQ)

would result as computcA on'the.. basis of optimptm tr-!nsmisaon,

Ciy* 90Distance - fna-ls or residual brighitnoss
19030 -100 200

"Population ... micro-footlamberts

Albany, N. Y. 130,577 66 43 31
Schenectady, i1.Yi 85,5419 7/5 50 34
J?rovidonoo, R.I., 253,504 70 47 356
Jersey City, N.J. Ol, 173. .99 . . 82 65
New 'York, IT.Y. 7;*44,9'9757~- 67 55
Boston, I-Ess. 710,' 72 ~ 49 37

*Tbe abvi. ta-ble reveals that, when shipping lunes vare 5 mil&a' off shore,
thd'dimout 'zono should 'probt.bly extend 61 to 94 miles inland for ca,

Apermissiblu brightness incroiment of 30 micro-footlamb,.rts, 38 to 77
miles inland for 100 micro-footlixiborts, tnd 26 to 60 miles inland
for 200 micro-footlamiberts, providl.d citie.s l1.rge enough to produce
hazardous glows for those distances ,.xist in the, rgion. llowevcr,
those distanccs -tre so-ntiwhat tnii.orticJ, sinco truce atmiospheric
transmission at tine. brightrnss was rcord,.d is u- rnwn, anid the
distances would bL.nres~ if thce trtr,missior.. !0 rr lower than
those assumed. On the othtr hr.nd, the distanc,,s ,.y be reduced con-
siderably in regions vihcrc tr-.r n-.issior~s ofl 99 p.r cent per 1000 feet
do not occur or occur infroquently.

C. iAggregctc of glowis from two or -.ior,% commnunities.-
Glow rosidu-al at -, location .t s ,a from two or r~oro glow producing
areas in lince with thu skja lora tion is th.. sum of the residual glows
from each area. Ofh~ro such conditions oxist,.thurufor3, thv inland
limits of thu dimout zone- must be axtendod to include the second
glowi pro due ing>.eroa;. and the total purmissiblo incroment of 'bright-
ness from artificiil glow n~ust be dividud botvtcn tho [:low producing
areas.

f. ilothod .-- (l) Fi V,.ldetcrmin&tidri f' I.nland limits of
d imout zoni should bb base-d on survcy of g~oVptduTh communities
in coastal areas and -ctual brightne.ss measurei.eints made under knowvi
atmosphuric conditions. Ncqruully,.howqvur, it rappf- .rs~thr,.t control
of lighting for dimout purpos,;s n 'e'd not bce exte;nded beyornd 35 to
75 miles inland, depunding en tho re.sidual brightnogg.frni ,,rtificial
Clow seleeted as p.,rnissibl-e at shipping lanos.

k,,) The tabl(, bolow provido-s'a me;thod for dete"-rnining.
whether sky Flow above a city or. othcr. inst-liation will -Produce a -

re sidur.l brightness 5 milcs off shore, ie~c than the.- .a-ssumc.d
,Ialowable residuals of 30, 100, aind 200 nicro-footlara-1be-rts. Sky glow

* 0 0 0 0 0 0 0 0- *. .. * * *:. * ~ ~ * .



when neasur(.d under the stated conditIons, of Lass than the values ,,,.,
set forth in thG table roqulbQ no reductions,, but those th-t are

grwater must be reduced to th listed values

Sky .glow brightness over and above natural

horizon brightness-shall not excoed the

values' listed in the followihe table,. when
measured at a distance of'5 miles from the .-

'low producing area (city or torn limits,
or edge of other installations) on a cldr,-
moonless night hr.ving stars clearly visible.

Maximum permissible sky gloyr brightness -.
Distance increments above natural horizon"

from For residual brightness at shipping lanes of'
shore in 30 100 200

Zone miles micro-fo-otlambert micro-footlambort nicro-footlambert .

1 0- 5 3( 20 (a).
2 5-10 39 130 260

3 10-15 50 170 340

4 15-20 68 220 440

5 20-25 90 300 800

6 25-30 120 390 780
7 30-35 160 520 1040
8 35-45 270 S100 1800
9 45-55 48,) 1570 3140

10 55-65 '00 2660 5320
11 65-75 1140 4730 9560

(a) These valus -,re for c.tmosphoric transmissions of light 99

* per cent per 1000 feet. During transmissions which give ,'-.
highest brightness of glow at 5 miles from the source of upward

light, ten times the given brightness will be produced.

(See Graphs 3a and 3o).

32. Dimout Restrictions Based on Classification of Types

of Lighting in Relationship to their Importance to the-War Effort.-

n. Gnncr !.- modern lighting may be divided into two rather

*road classifications based upon primary functions performed

in thbe interest of the war effort: (1) Essential lighting

which is necessary for efficient and acGelerated war production

with minimum 1o0' bf materials and man hours, for facil,.ty and

safety of traffic movement, and for maintenance of essential

civilian services and morale; and (2) Non-ezs3ntial lighting,

which is used for' amusesn n.,, decoration, and advertising
purposes only. The first stop in thu rtductio" of sky glow,

therefore, should be the cxtinguishment or mooification of
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non-cssotial lighting,. to. ba followed by Z;eotrictiol5 ofc-ssential

lighting, only if necessary-ifi'rde'r.tormeet basia.backgroufld bright-

ness requirem%,ts at the, shippl.ng lanes.

b. Ropreselt~tivc types of essential lighting.- -

Industrial interiors

Outdoor indsrl
ruitdoor prot~dctivo
Ship yard

.~Railroad yard
Clutdoor home; lightin, for safety and proporty protection

Vchiclo lighting
Nifght constructions
Station platform

tAir~ort and airway k

4 . 7atcr navigation
Truffic- and railroad signials
Exit and safe.ty lighting

c. Reprvsntat.ive typcrs of non-osscnti.L1 lighting.-

Outdoor Alv,, "tisir.- L~ihted sl.gns, ii splay boards,

billboards, postc~r boards, and spe.ctacular dis,)lays of ll1 types.

t'rn,-.r~qntul Buildini, Lighting.- D ..corati .vo flood-

lighting, outline lighting3 P.,ct, li. )tirng of all types.
"arquee, decort~tiv.. lighting S

Show and display windows
Ar-urscmcnt and spoorto li ,hting
Decorative se rvice station and p'irkine space lighting
Pyrotu;chnic displays
Unshic~ldcd buildingwiihdows of high brightness

33. Relativo Brightne.ss Tncrcw~nts Contributed to Sky Glow by

Var.Lous Typo3 of iCntixg.- u, Scattlo, Yfashinton.- Based on survcy

of local conditions, Se,-ttio, ls-hington, rcports thc. following: * -
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JnvdntoKb pp jvar Light V

-p * Net -effect ive pe r-cont of

skyward light total skyward
in lQ.0QY .±; ...s light

Classification lumens analyzed

Lighted bulletin and poster boards 550 1.5
Medium. and small sized neon signs 2240 9.7

Theater marquee and miscellaneous
lamps 270 1.2

* Ga-soline service stations and
parking lots 3930 17.0

Buildin floodlibhting 1032 4.5
Roof and buildinb, top signs 350 1.5
Theater and other large signs 2950 12.9

Sub-total 11,122 48.3 4,.

Street lighting
ornamental luxainairos

without reflectors 9386 41.0
Ornamontal luminaires

with refrtctors '99 0.4
Overhead, r -dial, dome,

and l',ter 2362 10.3

Sub-total 11,847 51.7

Total1 22,969 100

4The above table reveals thtut outdloor 1-i6hting for comme rcial pur-
Doses, generally of a typo which is cor'sidcred non-essential and
which can be almost whollv climinated or drastically reduced with
little adverse efftct on the wiar effort, produces approxaxnatcly
the same upv'ard litht as streetU lighting, snd, inferentially, the
samec increment of sky glow alovc Seattlc. Contributions to upward
Tight from vehicles, building vwiiidovis, and industrial .nd defense
project floodlighting wcr,. not analyzod.

b. Los Ang-les, California.- Similar surveys in Los
AnGeles indicatud that outdoor advertising signs were responsiblo
for 58 per cent of thc: sky Glow while str(ee-t li,-hting a;as re-s-

psible for 33 per cent. Togethe.r the.y account for 91 per cent of
sky glola; the remaindor is produced by other typcs of lig.hting.

C. T .uiton, 1'r.ssachus..ts.- A "ste.p" dimout of Taunton,
1!sschusTts, ciuring v:hich particula)r tyl)cs of lichtinC were. ex-
tinguished progressively r.nd re.sultnant d.-crzascs in ski! (lo,,.. rscordcd,

*~ ~~~ 0 0 0 0



returned the fallowing: .

Sky' glow,. decrcas.ed to
(Average for readings'made Per cent of'

Lighting extinguished 8 miles east and 8 miles sky. gl6w
in'sdqucnce west of Taunton) contributed ,,"'

Outdoor signs, thcater marquees ,-.-.
and floodlights 87% 13'"

Show windows (awnings raised) 82% 5P
Strcet lighting 29% 53

Ornamental street lihting '25
Pondant type street lighting 724
Radial vavo, type s.rect lighting 4

Automobiles . 9i
Indoor lights except defense

industries 8% 11
Defense plant6 0<.%. 8

d. Calculated incremchts.- Sky glow producbd by vari6us
types of lighting in the central business district o 'f avorage cities
of different population groups may be computed by equations dlveloped 0
from the test data, provided reasonably accurate ostlmates ar' avail-
able on the number and character of each type of lighting. Such cal-
culations, and, the assumptions upon which they were based, arc con-
tained in Appendix H. Listed below are calculated sky glow bright-
nesses from street lighting, automobiles, and show windows which would
be residual, during an atmosphere having light transmission of 99 •
per cent per 1000 feet, at a distance of 5 miles from th central busi-
nes3 district of an average city of the 200,000 to '300,000 pobulation
class and of an avragc city of th.; 500,000 populati6n class:

Calculated incromv.nts of sky glow residual at 5 miles .

Above an averago Above an avcrage 0
citr of 200,000 to city of 500,000
300,000 population population
micro- micro-

Typo.of lighting footlamborts Per cent footlamborts Per cent

Street lighting. (a) 206 26 502 40
Automobile head-

!Swps (). 194 25 262 21.
Show windSivs, 38Z 49 "-"482. 59.

Total 78• 100, 1946 '
(a) Based on use oY diffusinr; luminaircs. Calculated sky 61ow values
become 92 and .186 micrc-footlambzr.ts r,.spoctively when rcdircctive
lumin~ires cmrploying sam. lzttag .amps arc used.
(b) Basdd on use of passing beams.'
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e. Weighed ave.a es From the limited amount of
data available and the calcu ltid values, per cent contribution
to sky glow from various typds of lighting in the average cityis estimated to be: " : ..'.." "

Per cent contribution

Classification .. .... to. sky -glow-.

Commercial lighting W
Street lighting 33 . '
Automobiles
Indoor lights except defense'industries 8
Defense plants 6

The weighed contributions shown above will vary considerably .

with the character and size of cities; however, as a practi-
cal average they are believed to be fairly representative.

f. Conclusions.- (1) Generally, commercial out-
door light'ng, including lighted show windows, and street
lighting are the principal produc6rs.-of sky glcw -Together,"

they on the average arQ probdbly responsible for more than .
three-fourths of the glow.r above 'Cities. j ...

(2)" Commorcial outdoor lighting is.on the average -

as large a-contributor to sky glow as street lighting. -

(3) In many cases, n;ccessary redubtions in sky glow
con be accomplished solely by elimination or drastic reduction
in so-called non-esscntial lighting. The possibl6 reductions
range from approximately 18 to 58 per cent, depending on the
type of city, with an average reduction of approximately 40
per cent.

(4) Contribution to sky glow by street lighting vi 11
probably range from 30 to 50 per cent, with an average contri-
bution of 36 per cent.

(5) Treatment of types of lighting other than 'coin- "
norcial outdoor lighting wid strict lighting will result in
relatively small decreases in sky glow abovc cities.

34. Factors to be Considered in DetermininL Proper Dimout
Treatment for Various .Types of Lighting.- a. General.- Normally,
the relative necessity of the various types of lighting to the

* war effort, essential civilian activities, or maintenance of 5
safety should be the prime consideration in priority of dimming
required by dimout regulations. On that basis, first reductions
in sky glow should be accomplishedby reducing non-essential K '
lighting even to the point of complete elimination, if necessary. V

-- -. -. - '--- - ..
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Further essential reducti'ons isky glow then must be consumnated
by p'roper lrumn f ean~ ighting in accordance with the j iJ'

degree of contribution"to the national security. On the other hand,

much can be done in reducing upiard light from even the most es-
~~sential types of lighting without destroying their usefulness to any - ..

signi'ficant extent.

b. Headlamp's of' motor'vehicles.- (1) In comparison with

certain other types of lighting, .sky glow contributed by headliihting

foi autombbiles is small, yet it may add measurably to degree 
of

.hazardousness of background brightness. Fortunately,' headlamps may

be so treated (except'vhile on roads visible from the seu vhere they

must be extinguished) that upward light is considerably 
redu'ced with-

out undue impairment of their primary function, and 
without use of

large quantities of oritical materials and man-hours. 
Results of

tests revealed that. sky glow from passing beams is 
approximately

50 per cent of that from driving beams. The sky glowafrom passing

beams in reduced by various methods of shielding and hooding as

follows (percentages listed dre probable order of magnitude rather

than exact figures, due to fQcus..of headlamps and properties 
of

pavement surfaces):

Treatment of headlamps os

.. Upper Uoper Upper Six

one-quarter one-half three-quarters inch

shielded shielded shielded hoods

Per cent reduction
in sky glow based
on untreated pass- -,, .

ing beams .as 100
per cent. 52 69 84 80

While three-fourth shielding and six inch hoods rea.uce 
the upward

light about 80 per cent, 11 to 1.5 per cent more than nalf-shielding,

the inherent disadvntages of those me'thod$ oub;eigi that advantage.

Greatly reduced .road illwrination,• hazardous for use for driving

even at low speeds, results from three-quarter shielding; and the ,'a,.

hours and materials required to prepare, install, and maintain hoods

does not recommend their uae as a practical solution. Since vehicular

headlamps are.,necessary for continuance -of. street traffic and bighw.y

transportation at night anc: their ,contribution to sky glow 
is . small

increment of total city sky glow, the method selected for their dimout

treatment should obtain greatest gains in reduction of sky glow 
com-

mensurate with provision of ,Adequate road illumination. One-half

shielding meets these specifications; vhile other methods of dimming,

such as reduction to 250 be~m candlepower or use of more restrictive

shields, although effective in alleviating hazardous levels of sky

glow, result in unsafe driving, conditions. This fact is substantiated
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"R. 1. 4

by comparisons of accidontdata'from various cities where half
*shielded hea~dlamps with thod "Where'parking lights,6i; similar

lowV illumination hcadliGhti;Tk haY bc~n in-use.

4(2) Sky glov; from vehi~ul, r he,:xdlamps on passing*
beams is approximatcly 15 per ccnt of total rcencrated -sk~i'lovW
over cities,. The roquircmont of one-halfL shielding wtI"usc 'oPC

psigbcams at all time sil rid~c ht value to approxi-
matcly 5 pe~r cent (tho r~duction niu*y beo gr(.;atci VhIUr-Ind!6atcd ~ ~
sirico many. porsons uce driving b6amgis for city drivi.ng). Quti-
tutiv. roductions vzoild be approxi.matcdy as followsq (scc: s'ub-par.
33 d):.

Roduc:ionbs in sky glovi effcted by*hkdtf
shiolding (passing boams) X

Average city ._

A'

200,00 to 300,000 500,000
population po piulatio n

Sky low romvehile micro-footlaniberts) (micro-f ootl~pnberts) C

* headlamps rcosidual at .

5 miles for 99 per c';nt
transmission o,,,r 1000
feet ,194 to 60 *262 to 8V

(3) Th( sky eglow producd by th, hcxadlarn~ps of open
highway traffic, in front of and behind th. lino of traxffic,

% ~~is considcr~bly 1k-ss th,.n th.t produced by the hcv nisght con-
centrations of city traffic. *..,_dla=ps bdr 6 practicaly h
only sourco of slky, gore such ro~, dqtecnrlo
light, except ii1, areas visibl, fromq th,. sea, is provid..d by half- r-

shielding anid us. of pa:ssi, C, bc'ai's. (For te.st rosults, sec sub-
par. 20 a (5)).

e. StLr.t lijghting.- (1) Stl e"'t lighting is oXIe of
the riJor ontributors to sky glow -- its contribution is on the
ordor of 30 to 50 pcor. c,,nt (prob-,ble ~vrg:33 per ccnt) vnid
is also i typc, of li-htin- upon -t-hinh doponds, in ltrge. measure.

* eo~itinue~d niLht circulato -. ith safety and dispatc ofeset
tra-ffic, lncludinC, the movom,.nt of productio~ '..ork(,rs and thu -

distribution of nmtoriel. Rcs-,rdlcss of its innortanc., howerver,
street ).ithting must be. controllod for adequatc dirnout vwhu.ncvo'r
visible from the. sea or whneiiation or treatont of.,othe
type% s of lighting of lcss,.r priority fails to reduce sky glow to

& acceptable limits. Nothods of acecomplishing r ,uired reductions
in sky glow~ f rom streeot lighting should be baised on maintentnce
of minimum stroet illumainiation rcquird for r.'ason.,.ble. sa,,fety with
mnaximum elininitipn of light r .-.chin g the uppter ttupsphorc.
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K (2) Street li-ghtihg- luiina4'res" presently in service are, -L L
V in general,- of three distnot, types -- diffusing, r'e-directive', a:nd

open reflector -- possessing Tight -output And' distrih'uti'on. proper-
ties as shown below:

" Lumens i'fi per cent of lamp lumens

Diffusing Redirective Open reflector
luminaires luminalres . luminaires

Below tho horiz6ntal 35 :. 53: 75
Above the Horizontal 35 7 5

Totl&1. . . -70 60 80

Assuming that only 50 per cent of all upward light reaches the uppei--
atmosphere, due to absorption by trees and buildings, and that the
pavements have an average reflectivity of 15 per cent, the ratios of
contribution to sky glow for upward and downward lightj and the per
cent of lamp lumens effective in producing sky glow, from each type
of luminaieQ ate as folloW:.

Diffusing Redirective Open reflector
Light from luminaire luminaire luminairo luminaire

Ratio of)
contribu-)'Below the:horizontal 1 1 1
tion to )
sky glow ) Above the horizontal 6.67 0.88 0.45
Per cent of lamp lumens effect-
ive in producing sky glow 20.1 7.5 8.1

The above tables show that, when lamps of saine iumen output are used,
and ignoring such factors as glare and proper distribution of light 0
on the road, which are important considerations in a street lighting
system, highest average street illumination is obtained from lumi-
naires in the followin6 order, - open reflector, redirectivo, and
diffusing, duo to thoir rolativc efficiency and light distribution;
also that only small differences exist in contribution to sky slow-"
by rodiroctive and open rt.flcctor type luminairms, while diffusing S
luminaires contribut'c aooroximatc-ly 2.5 times more a.ward light than the
others. The values in the sLcond tiblc. ar, subject to variations due to
different reflection properties of various types of'paemints -.nd the
variations- in absorption of upward-light encoun+'rcd in actual installations.

(3) Rcstrictions on uprard lij;ht will substantially re- 0
duce sky glow, usp,.cially in the case of diffusing luininaircs. How-
over, such r-strictioas ar(. usually unc.voidably accompanied by re-
ductions in downward light, particularly in the 0 to 30 degree zone
below horizontal which is nceded for cvcn distribution of street

-iOl. -
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illumination between luminaires,' The, following table gives 1
estimated pcr cent re~ductions i.n dovnward light accompany- 11
ing thdcso. restrictions. in upward Iight:

Estim.ated por ocnt rcductioas in downward light .

accompanying rostrict~q-.s ii-i upward light from
lumiii6.Th'res to" not more than:

lJ/Pof lamp 3%. O Oyoi.) 0 of lamp
ltimdns. .above lumens above lumons above
horizontal horizontal horizontal

Typo of
luminaire 0-300 30-90" 0-30* 30-9Oo 0-300 30-900

Diffusing 20 0. 40 5.1 65 10
Rodircctive 0 0 10 0 75 0
Open reflector 0 0 5 0. 20 0 A

The fundanawital purpobse of street lig;htin16 is to produce the il-
luminatioi, requisite for good visibility atnight aiid,' through

*good visibility, to promote safor use of streets. Expcrience
in traffic safety and spoed of movoment as aflocctcd by illumina-
tioni indicate that serious consequenices in th..t connection 6an 4
b ,.oxpvcte'd to result from the abovc* rcductiois in dounward
light. As a cause of accidents, poor visibility ranks with
mechanical failure and dri*v,.r -.nd _pedestripan carelessness.
Howvcr, it is not th. i-nt-int of this rep2crt t. make a quanti-
tative azrj-,ysis of' night cccidciats, ih rJ'!.tionship.te street
lighting, but o~nly to p(.int Lut th .. major fa'ct'-rs which have to,
bc cc'..side.rd in dot'rminin,, prop~r diyciinL. mc thods. i.

(4) Basod on cxtain assurnptions, sky i~low .. J-
brightiecses pr duced by business districts 6f? ave ra Ge citius of
various sizcs may be- calculated by equations and graphs devoloped
in this repcrt. Th, as.sumptio.ns used f,, r the f-loin nalYsis.
are:

400 feet botwoon~strcets
60 fw-)t width of stree.t including sidew"lks
Total of 13 streets in an.area 1/2 mile by 1/2 mile

33,800 liineal feet of strof-ts
Re~flection factor cf pavemonts - 15%
50,17 rf upward lumcns fr-ri 3.umina3.rcs rcach uper

atmospherc
*5O2% 0of light refPlected fr.:mi pavwn-ents ru-..ch upp ,r

ret.-- o phereo
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25000. ~ ~ ~ ~ ~~ ~ ~- to'000 pouaip-.igt rffi

-W .' 2000. to'5300000 .popultio Mei-p . .a d

'500000 'arfd. over population H6,vtrffc

''' tanda~rd, str66t lighting pX-8ctice~as cont'ained ins b-
par~giph'20b ()"-'

Calculated sk: glow values for the various sized cities are set
forth below (calculations are contained in Appendix~i):

j k.low in micro- 0
- - footlamberts from street

Number .of -li'ghting re'sidual at 5
- luminaires miles fdi-' atmospheric

per one-r transmission of 99 per -

i~s stimed' quarter -cent per 1000 feet
size of Lamp square. _

Population business lumens mile of -For use of
size of - district per% - .businoss Diffusing Redirective
c~it i~le - minaie. district. luminaires luminaires -

25,000 to
50,000 6,000 210-. 81.4 30.2

100,000 to A

300)000 1-~c 10,000 252 . 246 9.

500,000 lXl 15,000 252 . 502 186 4.-*

1,000,000 l~xl 15,000. 252 62bi 233

The values of the above table should be compared vith
A those in sub-paragraph 2Cf(2),.where total artificial sky glow from

all sources residual-.at 5 miles for conformncee.to background
requirements for the assumed conditions is set forth.



(5) In many cases, particularly in cities only short
distances from shipping lanes, adequate dimout may require not
only restrictions in light emitted above the horizontal from
luminaires but li'mitations on aiouht of light reflected upward
and therefore limitations on the illumination permitted on the
streets, Table con afiied in "sub-paiagraph 31f sets forth maximum
permissible artificial ' k g'iow'above c ities in accordance with . ,

their distance from' shore in'order 6o meet.certain assumled back-
ground brightness requirements. Assuming that street lightinr *-

should be peimitted to 'accouht 'f6 ohe-halfof.those ,brightnesses,'
the total permissible upward lumens from streetlighting may be
compu.ted by use of Graph 3e. These upward lumefi values are listed
below (qomputations are contained in Appendix H).

Maximum permissible upward lumens from street lighting

.,per uiit area of 1/2 mile by 1/2 mile based on a total
lighte" a rea 'of 2-1/2 miles by 2-1/2 miles and shipping
lane's. t 6 distance "of' 5 miles offshore.

aMfximumperm~ssible upward lumons for
Distance tot'al residia'l brightnosses at shipping D
.from lanos of:
shore in 30 " 100.. 200"
miles " micro- (a) micro-"-r (a) micro- (a)

Zone~ - -. ,- - .Xaotlambert,- .foot2ilmber.ts footlamberts

1 0- 5 900 3000 6000
2 5-10 11706 39000 78000
3 10-15 15000 51000 102000
4 15-20 20200 66000 132000.
5 20-25 27000" 9000.0 180000
6 .25-30 36000 116400 232800
7 30-35 47000 156000 512000
8 35.-45 81000 27,0000 540000
9 45-55 144000 470000 .40000

10 55-65 239400 798000 1596000
11 65-75 432000 1434000 2868000

(a)*
he permissibe upward lumens from streot lighting are based on .

one-half of those values, sincQ'that is the portion assumed to be'
permitted to sticet lightinf.' -

Further, on the basis of the lumen values riven in the above table,
the maximum average illumination which can be permitted on the
strots in order to conform with assumed background brightness 0
requirements may b(. computed on the basis of one-half the permissible
sky glow increment being allotted to street lighting; and the values
thus obtained may be compared with recommended practice as a means
of evaluating tic utility of the pormissiblu illumination. The
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'following two tables rospoctiyely set forth permissible street ilium-
ination for various restrictions in upwar4 light from two typos of
iuminaires on the'basi's of '(a) 50 per cent of light emitted above

....... thc horizontal from the luminairos and reflected from the pavements

reaching the upper air'anfd (b)" 50 pcxr cent of light emitted above

the horizontal from the. luminiaires and 20 per cent of light reflected

from the pavements reaching the upper ait (For calculations, see

Appendix H ) The assumptions of 50 per cent and 20 per cent,

respectively, of .ruflected :light reaching .the upper air will probably

brackot the true .condition; the former applying to street surfaces

havin- *,diffuse roflection and.tho latter to street surfaces, well-

. worn or wet, havirng spocular'reflection.

Based on 50 per cent of light omitted above horizontal
and reflected from pavemonts reaching the upper atmos.-
phere (15 per cent reflection factor of pavements). -

Taximum permissible average street illumination (foot-
candles) with following restrictions in upward light
from luminair6 ;

Distance 10% of lamp 7%of lamp 3% of lamp 0% of lamp

from lumens up luh.,ns up lumens up lumens up
shore in D~.ffusing Reairoctive Diffusing Rodirective Either

Zone miles luminairos luininairos lufainaires luminaires luminaire

For artificial sky gibw brightness, rosida at

shipping' lanes of 30 micro-footlamberts ;a-

1 0- 5 .02 .603 ".bO37.' '.00'474 .0059
2 5-10 .027 .040 .049 .056 .077

, 3 10-15 .034 .053 .063 .07.2 .098 ,-,.- .

4 15-20 .046 .070 '084 .096 .132 0'

5 20-25 .061 .095 .113 .128 .176 -.
6 25-30 .082 .126 .150 .174 .236

7 30-35 i,66 .164 .196 .224 .308
8 35-45 .183 .284 .338 .387 .531

9 45-55 .325 .504 .600 .685 : 945

10 55-65 .b41 .842 1.000 1.140 1.560

11 65-75 .976 1.510 "1.810 2110 2.835

For artificial cky glow brightness rcsidiaj at

shipping'lans of '100 microafootlambertska)

1 "0- 5 .0068 .0105 .0125 .0141 .0195 -

2. 5.-10 • .088 .136 .162 .184 ..253
3 10-15 .114 .178 .208 .240 .326

.... "15-20 .15 .230" .280 -,31i......•434
5 20-25 .204 .314 .374 .423 .586
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Distance 0/, of lamp 7% of lamp , 3% of lamp 0/0 of lavi '

from . luens ip 1umeno'up lumens up lumens u ,..: ,,

shorb in Diffusing, Redirective Diffusing Redirective Either
Zone miles luminaires luminaires luminaires luminaires luminair -

For artificial sky glow brightness residual at
- shipping lanes of1 l00'micro-fQotlamberts (a) (cont.)

. 6 25 30 ,272 .372 .500 548 .780
3 0-35 352 .564 .650 .735 1.015 ,

8 •35-A5 4610 .9.44 l'115 1.270 1.750
'9 45.-55 1.085 .1.645 2.00 2.220 3.120
10" '55-65 2.180 2,780 3.33 3.760 5.170
11 65-75 3.260 5.000 6.00 6.750 9.350

For artificial sky glow brightness residual at
shipping lanes of 200 micro-footlamberts (a)

1 0-5 .0135 .0209 .0249 .0282 .039
2 5-10 .177 • .272 .324 .367 .506 ,
3 10-15 ,227 .356 .416 .480: .652
4 15-20 .304 .460 .560 '.622 .868
5 20-25 .407 .628 .748: ,846 1.172 .
6 25-Z0 .544 .744 1,000 1.096 1.560
7 30-35 .704 1.092 1.300 1.470 2.030
8 35-45 1.220 1,888 - 2.250 2.540 3.500 -
9. 45-55 -2.170r 3.290 .4.000 4.440 6.240

10 55-65 4.360 5. 560' 6.660 7.520 10.340
!1 65-75 6.520 10.000 12.000 13.500 18.700

Based on 50 per cent of light emitted above the horizonital
frqm luminaires and 20 per cent of light reflecte'd from the -pvements
rea.ching the tipper air (15 per cent reflection favtor of pavements).

For urtificial sky glow brightness resijuk,1 at
shipping.lanes of 60 ricro-footlambertska)

1" 0-5 . .0026 .0046 .006 .0076 .014(
2 5-10 .033 .060 .079 . .099 - .190
3 10-15 .043 .077 .101 .127 .244
4 15-20 ,058 .103 .136 .170 -. 328
5 20-25 .077 .138 .182 .228 .440
6 25-30 .103 .184 .243 .304 .585
7 30-35 .133. .239 .317 .396 .764
8 35-45 .231 .415 .547 .685 1.315
9 45-55 .411 .735 .973 1.215 2.340

10 55-65 684 1.230 1.620 2.020 3.890 -

11 65-75 1.235 2.205 2.920 3.730 74020
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Distance 10% of lamp 7% of lamp 3% of lamp 0% of lamp
from lumens up lumens up lumens up lumens up
shore in Diffusing Rodirgctive Diffusing Redirective Either

Zone mi-los luminairos luminaires ltuninaires luminairos luminaire

For artificial sky glow brightness residual rt
'shipping lanes of 100 micro-footlambertsk

a ) .

1 0- 5 .OO6 .0154 .0202 .025 .0487 ________,

2 5-10 .11'2 .199 .263 .325" .633
3 10-15 .14'3 .261 .337 .425 .815
4 15-20 .192 .338 .454 .550 1.085
5 20-25 .257 .460 .606 .750 1.465
6 25-30 .3A3 .545 .810 .970 1.950
7 30-35 .445 .800 1.055 1.300 2.540
8 35-45 .770 1.380 1.825 2.250 4.380
9 45-55 1.370 2.410 3.240 3.920 7,800

10 55-65 2.275 4.080 5.400 6.650 12.940
11 65-75 4.120 7.340 9.740 11.950 23.400

For artificial sky glow brightness residua t 0
shipping lanes of 200 micro-footlamberts a '"

1 0- 5 .0171 .0342 0404 .0808 .0974
2 5-10 .223 .446 .526 1.039 1.266
3 10-15 .236 .572 .674 1.348. 1.630
4 15-20 .384 .768 .908 1.816 2.170 0
5 20-25 .514 1.028 1.212 2.424 2.930
6 25-30 .686 1.372 1.620 3.240 3.900
7 30-35 .890 1.780 2.110 4.220 5.080
8 35-45 1.540 3.080 .650 7.300 8.760 -.

9 45-55 2.740 5.480 6;480 12.960 15.600
10 55-65 4.550 9.100 10.800 21.600 25.880
Ii 65-75 8.240 16.480 19.480 38.960 46.800

(a)One-half of this brightness is assumed to be allotted to street

1ightinC. "

The values of the above tables a e subject to variation due
to differencus in ruflectivi ty of struet surfaces and variations in
other conditions found in practice. Thy m ay.be incruasud somewhat
when the glow producin area is less than 2; miles in depth or width,
but must be ducrcas,.d if ;low producing arta is greater than 2! miles
in depth. Compare them with recomended practice Zgiven bclow:
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Footcandles f- Illumination for Safetyl

Volume of vehicular Illumination on street
Street traffic maximum night between curbs
Classificatibn hour both d.irections Average Minimum

Very light traffic Under 150 0.1 0.02
Light traffic 150-500 0.2 0.05
Medium traffic 500-1200 0.4 0.1
Heavy traffic 1200-2400 0.8 0.2
Very heavy traffic 2400-4000 1.2 0.3
Heaviest 'traffic Over 4000 1.5 0.4

Depending on brightnoss of background requirements, the above
tables may be compared to rovoal the followin'g relationships:

(a) Zones -whore a virt'ual blackout is necessary, and
zones whore a usuful muasure of street illumination may be main-
tained o-er a c asiderable area.

(b) Permissible upper limits of street illumination in
relationship to distance from shore.

(c) The degree of shielding of luminaires necessary to
permit the use of rcaso.able street illumination. Since restrictive
shields are likely to disturb the required distribution of light
on the street, a balance must be• struck between the shielding
tochniqmie employed and use of lowv..r averrge "illumination with
proper distributin.

(d) Zones where street i!ghtin requiros little or no
treatmont. In zones where p(.rmissible street illumination as given
in the above tabls. xce'ds the. recommended practice, an analysis
of the strcet lighting systen should be .nade to detcrmine necessary
restrictions in upward light, if such is required.

(6) For .permissible .illuminatior' on individual streets
and roads in areas visible from the sea, see sub-pai-agraph 22 C,
Thlis higher levol of illumfination may also be cm)loyod at h zar-ous "
locations in the zones close to the shore, provided average street
illmination in the area does not exceed the permissiblc values.

d. Traffic signals.- (1) Standards for traffic signals ,.
lw.ve long boen establishod, both as to conditions vhichwarrant
their use and photometric roquir,.nonts. Visibility roquirmunts
as set forth in the War Emergency edition of the "Manual on
Uniform Traffic Control Dccvicos for Streets and highways" are:
"Each Ions, r-flector, :and visor shall be of such design as to
render the lens, when illuminated, clt..arly visiblc to traffic con-
trolled by that signal face at all distances from 1.0 to 300 feet,
under all light and atosphric conditions except dense fog". iny

See practice recommended by the Illuminating Engineering Society.
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lower'.,- of these standards by dimout troatment will have an adverse
effect on traffic safety, as has boon demonstrated in those corn-
munitius where traffic signal lenses have boon :,iade opaque except for
a small cross, A greater importance is attached to proper'oporation
of warranted traffic signals during the war because of the vital need
for expediting the movement of ivar workers and maturials, including
truck and mass carrier traffic, conserving war transportation facilities,
and reducing loss pf man-hours in war industries. Nevcrtheless, the
po;siblo contribution to sky" low by traffic signals must be investigated
befo'6 decision as to proper treatmont can bu reached. - -

4(2) In sub-pardaIraph 23h(3) is set forth data on outout of S
light from traffic signels'above the horizontal. Lumen cutput below
the horizontal is approximatoly as follows: Creen lens, 15.3; red
lens, 37.8: and yellow lens, 51.8. On the basis of city squares ap- . .
proximAtely 300 feet by 300 Pfot forming 64 intersections in an area
1/2 mile by 1/2 mila, with .very intersection controlled by standard
throce light traffiQ signals having yellow overlap on Creon only, one S
signal face for each direction of traffic, 384 lamps would be operating
c-multancously for a sm,.ll portion of the signal cycle, or 128 each
with red, grvcn, and ybllow lenses. Then, total lumens emitted, Vn
the basis of 60 watt, 120 volt lanps, would be as follows:

Lumen6 per area 0

m nile by A mile

Above the horizontal 6976
Below the horizontal 13,t27.2,."

With reflection factor of 15 per cent for pavements, total lurmens
reaching upper atnospherc from an area 2 mile by - mile are as follows:

(a) On the basis of 80 or cent of light emditted from the
signal abovu the horizontcal and 20 pet cent reflected from the pavements,

Total lux-:ons = 6976 x .50 + 13427 x .15 x .50 = 449?

(b) On the basis of 50 por cent of )ight emitted from the
signal above the horizontal and r.eflected from the pavcments,

Total lumens = 6976 x .50 13427 x .15 x' .20 =- Z891

Calculated sky glow at a distance of 5 rules for 99 er cont trans-
mission per 1000 f,,ct by use of Graph 3c for tho above lumen values
ar e 1.44 and 1.25 nicro-flotlanborts respectively. Hence, sky glow
produced by traffic signals is ncu'ligiblo uven during the short
period wien the yullow indication is oporating, and traffic ;ignals
should b, retaincd at their full ,.ffficionc °, except wherc visible."
from the sea (se, sub-p-rai raph 21b).
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e. e Show window~s. Lih* 4 hovi windows and ou~door ad-
vertising signs are major contribut6ra td crgo.Tgetlier with
other com~mercial lightina 'their 6'ontribut'ion is on *the pfobable As

order of aa per, cent. A~number of dimdut ti'eatments have beeni p'ro-L
posed for show w~indQws, such '4.j iimitatipno on wattage per lineal
foot~ of window, maximumn permissible foo-kdandles at ~the glass but-
face of the wintlow, and use.of dimout curtains composedof a fabric
mesh. These meth~ods substantially roauce the light. whc1 sae
to the outside. On the othcr hand, their use would create diffi-
cult problems of enforcement and control, involve re-wiring and usc
of critical materials, and would require production facili'ties and
manpower wihich could, be devotted to war production.' Sinco this type
of lighting,.is non-osscntiai, dimout regulations should require ex-
tinguishmont of shouwnosadohrcmeca lighting hs thc'

first requisite in offccti.ng required reductions in sky 'glow.

f. Buldig indovis (1 fide variation in the size of

windows, their prosent shading equipmcnt, their distanc from, sur-
*rounding. buildings, and interior illumination, complicate the task

of estimating the relative amount of sky glow contributed by those
sources. Howe~ver, sky glow produ~cd by building VWindowis may be cun-

* siderablc for certain types of installations such as conccntrations
of large office buildings as found in downtwn business areas and
modern industrial plants. A

(2) Re~ductions in upward l ight from windows can be ac-
complished by masking with opaquc naterial, shades, aw;.nings,
venetian blinds, newspaper, and other materials, and/or by dimming
or shielding interior illumination. Tcests on a typicalof c
window rcvoalcd that thc. roductions n upwa~rd light resulting from
various methods of masking are. of the following order of magnitude:

Treatmont of'Building Windows
Ordrr of ani~d of RtAuction in Upiward Light in Per Cent

Type of Shielding
.Light colored Nc';spapr VWntin Blinds

Treatment Opaque shades 1 thick- 2 thick- Angled to Angled to -

_______________ness nesses ground sky -

Upper 3/4 98 70-75 70-75 85-90 56 52 .*-

*Loweor 3/4 75 %
Upper 1/2 60 45-50 50-55 60-62
Lower 1/2 40

* Total wrjindow
Surface 80-85 80-85 95-97 64 59
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(3) -'ram thdtbIe idbovo, shielding. upper portion
of buildi.ng windows ig 'shown 'to b6 niore effective in reducing

sky gloi, for lighting istallations which provide diffused in-
tcrior illumination. il'ilo opaqueness of the shielded nortion

gives maximum effectiveness, nevertheless blinds of standard"
design with transmission factcrs not excc.ding 25 per cent, ews-
paper, and vcnctian blinds all reduce upward light appr.eciably
and at thc 6punc timc their use further simplifies the problem
of day lighting in a building.. -

, < Outdoor Floodlighting. (1) Outdoor indusbrial
floodlightig is-c-lassified as cssential to the war effort since

it provides illumi.iation for outdoor productir. of war equipment
and for plant .pretcction against sabotage. Diracut restrictions
should, therefore, climinate all n-oncsscntial lighting in the -

vicinity of the outdoor industrial floodlighting, and all uprard
light from the luIminaircs, before reductions are made in the il-
luminatio at "th, o-,int of work, In general, equipping the light-
ing units vwith hods and louvers which crnfine the illumination
tc the working planL and eliminatos direct upward light will re-
duco sky glow sufficiently, provided illuminati-n love.ls en the
w- rking plane ar(. kept t.' a minimum c.,nsistent with the require-
monts of the seeing task.

(2) The sky glow resulting from outdoor floodlighting

(industrial, parking space, service stations, etc.) depends upon
the dimensions and reflection factor of the area illuminated,
the level of illumination provided, the wattage and type of lumi- ..
naire installed, the number of luminaires employed, and the atmo-
spheric conditions encountered. If hoods and louvers are used to
e'..minate the direct upward light, the controlling factors for a
given atmospheric condition become the average illumination on
the working plane, th- reflection factor of its surface, and the
area illuminated. Standards of footcandle levels for outdoor
floodlighting are given below:

Outdoor Industrial ............... 10 to 50 footcandles

Service Stations ...................... 0 to I'

Paorking Spaces............. ........ 0.5 to 1

Piers ................................. 1 to 5

Railroad Yards....................... 0.1 to 0.2 If

Protective Lighting ................. 0.2 to 0.5

- -r - III-r - - ". -- - ..' C -. ,
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4
1.vcrage rof locti -n fact-rs -f vari, us surfaces arc sh. wn bol-vi: -

Greon f-liag nd Grass ....s...... ....... ...... 2- to 5% "

Earth - Dark ............ ...... I.* a ...... .0.5% to 2%
Earth*- Light.... ......... -%.. .......... to 16
Concrete. . . . .............. , . ..* ........ to 50%

For a given area .and atmosphericcondition, the sky glow produced by
outdoor flopsdlighting can be calculated t{ing the graphs and equa-
tions of this report.. For example, one mile of modern protective
floodlighting, illuminating a.strip, 300 feet in width, to h level
of 0.34 footcandles, with the units shielded to prevent direct up-
ward light, will produce a sky glo* of 25 micro-footlamberts over
the long dimension and 211 micro-footlamberts over the short dimen-
sion, when viewed from a distance of five miles with an atmospheric
transmission of 99 per cent. (See Appendix'i for calculations.)
It is evident from this example that rel:tively low levels of il-
lumination on the large areas to which this type of lighting is
usually applied may produce enough upward light to make this source
of- sky glow hazardous to shipping.

35. Light Control Techniques for Shore Areas. - Light control
methods adopted for shore areas should meet insofar as possible the
requirements of ship safety and minimum interference with normal
ground activitics.

a. Vchicular lighting. - (1) On highways where vehicle I "
lighting ir not visible from the sea, half masked hoadlamps with use
of passing beams appear to provido adequate reduction in sky glow "'-
with naintonancc of roasonable road illumination for driving at re-
duced spccds. However, on highways where direct vii',,; from thc sea
is possible, all vehicle lighting, except a low level of interior
illumination and exterior blackout lighting,must be extinguishcd un- -
less obstructions to viewing from the sea are installed. -

(2) In cities, situatcd within 5 miles or less of shipping
lanes, whcre vehicle concentra tions ar., sufficiont to produce hazard- . _
ous background brightness of glow even with half-shiulded hcadlamps,
further restrictions may bc necessary depending on the permissible
background brightness established by basic dimout policy.

b. Trqffic circulttion plans. - In coastal arcasfraffic
authorities should review the traffic circulation system and divert
night traffic, wherever Dracticablc, to strcots and highways which
*re obscurcd from the sec.

c. Use of bafflcs. -'ifRflcs may be erected at any location
whore dirct offshore visibility of vhicle .lighting is possible.
Such baffles permit use of rolctively short stretches of highways
which arc normally exposed to the sea by vehicles employing half-
shielded headlamps on passint beams without hazard to shipping, pro-
vidcd the baffles ru -sufficl,ntly high amd .vidc to obscure headlights _

complctely from any angle at sea. The inland side of baffl(s should
be painted a .m-ttc-bl',ck to absorb incide.nt li,;ht from hcadlamps.
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Where traffic in both directions does not exceed 200 vehicles in -. '

the maximum night hour, and the time each vehicle at average
prevailing speeds is exposed to view from the sea does not exceed
2 to 3 seconds, baffles are unnecessary, if such exposed locations •
do not occur in rapid sequence (there should be at least 5 minutes
driving time between such locations)i

d. Aids to traffic movement.- (1) Markings.- ';thite
markings sh'ould be employed extensively on roadways where normal
headlamps must be extinguished. (Where blackout headlamps are
used or in areas where half-masked headlamps are permitted,
refloctorized markings are recommended.) ihite.paint should be
used to mark center lines, lane lines; guide lines, crosswalk and
limit lines, and vertical and sloping faces of curbs or of any
obstacles in or near the roadway. Similar ticatment should be given" _-

sidewalk obstacles for guidance and protuction of pedestrians; and
pedestrians should be urged to wear an article "of white clothing.

(2) Illuminated signs.- On roads exposed to view Prom
the sea, illuminated signs may be used to guide, safeguard, or
regulate traffic, provided the light source and reflector are ob-
scurtd from the sca and the illuminated surface, if facing any
location at sea, cannot be detucted for distances'in excess of
4000 feet by dark-adapted observers on a cluar, moonluss night.

(3) Traffic signals.- v hon nifht operation of traffic
signals visible from the sea is warranted, such signals should
provide adequatc signal in.dications for all distances from 10 to P6

300 feet from the signal-during all operating periods. Such
signals shall not be visible for distances in excess of 4000 feet,..-"-.-
when viewud by dark:-adapted observers on a clear, moonless night.
;!ith 60 watt, 120 volt traffic signal lamps, these requirements
can be met by attaching 7 deorec louvrs, with 6 inch parallel
vanes spaced one inch apart, to each roundel and operating the
lamps at 42 volts during night hours and at rated voltage during
*other periods. Although the prohibition of use of headlamps on
roads visible from the sea will result in reduced -eeds and.
ti dffi c volumes and on that br.sis lussoned need for operation of
traffic sig-nals, th; increase in hazard bc6ausc of dark surround-
ings may warrant continued night operation. Final ditermination
of which traffic sirnals visible from the sea are to remain
6purativu during the dark hours must be bas(ed to a large extent
on the knowledge. rnd xpurienco of the local traffic authority
and trunds which will become apparent after initiation of dimout.

(4) Street and highway lighting.- -A special roadw~y . .- j.

lighting system to aid driving without h-. -dlights may be installed

on those str (ts w'hich approach the sea directly. This system
employs small floodlighnts in do.p hoods to confin, the lig-ht to th,"
roadway without spill on adj.cont buildings and trees. The units
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must be directed away from the sea anid"mounted sufficiently high to
minimize glare. They shnould be so located that full advantage is
taken of any existing obstruc-ions to direct viewing from the sea.
Spacing and wattag , of th , I'mps s~duld be such that no less than
0.1 and no greater than 0.4 £ootcandle is provided on the roadway.
In cities within the 0 to 5 mile coastal zone, whore average .street ..
lighting l1.els may have to be much loss than the above values in
ordor to redue (. glow sufofiient.ly,. the above level of illumination

may bo ma-itained at points of hc.avy pedestrian movement, hazardous
locations, focal points of the trdffic flow, and similar locations.

e Building.op4ninks.- if normal illumination is maintained ,
within interiora, all openinrs o i the sides visible from the sea must

* be made light-tight. I.indows' o'n thb side of the_ buildinp awary from
the seoa require no troatoi6nt' unloss in sufficient conc .ntrations to
produce hazardous glow,. and such windows may be uscd for required
ventilation. In rooms whore all openings must be light-tight,

. ventilation equipment .ay be necessary. Oar Dopartment approved in-
. door ,blackout lamps or units maVy..bo employed to provide a low level

of interior .illu.inatiQn without any 3bscuration. These lamps or
units should not be spaced loss than 5 foot apart in any direction.

f. Yard and porch lightin.,.- A low lovel of illumination
"* may be prvided in yards, on porches, and similar features by use of

War Department c.pproved indoor blackout lamps or units, spa ced not
. los than 5 feet apart in ansi diiection. No shielding is required.

F. .Protective lighting and outdoor production lightinf.-
To eliminate hazard to shippihg causod by direct viewing cf such
lightin., the lighting must be extinguished or drastically modified.
The final solution will probably reprosent a compromisc between black- -"-"
out for riaximum saf'oty of shipping and sufficiont light for un-
diminished production 'of war materials. However, the system of
illumin-ting horizontal surfaces as set forth in sub-paragraph 31d(4)
above may be employed without hazard to shipping, provided area ii-
luninated is not large .enough to reflect a total li:ht flux suffi-
cient to produce hazardous sky Clow. In any event, light sources
should be encased in deep hoods tu prevent escape of light above th
horizontal, and directed' away fr.n the sea and dovmward. Shielas
should be eomnllyed on the seaward side as a precautionary nacs.sure
against hazard)us "halo"effects which may be prduced ar~und the

* . openings of- the h cds. Focusing of the lighting units should direct-way ,...-4 i ,,.
the light avay.fr'm veitic.l surf.ccs ins.,far as practicable.

* h. i:inor aids t(. navigation.- Aids to navigation are
essential for -uidinfp ships safely alor.g the coasts, yet they undoubt-
cdly serva to aid enemy submarines in detecting ships c.nd determining
their type, ipeed, .and cc.urse preliminary t., pressing hjmu .n attack.
Candlep.wcr. limits of aids t, navir,%ti)n are determined by signal
stren('th requirud to; aff ,rd pr,,per guidance to ships, .Ithough some
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roductins could probably be made in the interest of diminishing
the subrnorino hazard. Any tre^ticnt proposed for aids to
naOvigation should balancu their necessity c~s guides agains~t
1.sscs by subitirine action-. tQ which they may contribute.

Ai. Airway bocicns and obstructirn lights. 'Airway
bocons -.Yd )bstruction lig~hts ritust be rxiyaiitaincd tu guide night
air' tratfic, including night air patr~ls of cor,%stal soa lanes. .-

flowe.ver, -soveral methods maLy bQ appropriatb to minimize probable
assistance afforded subm~arinos in detecting ships:

(1) Using f lashing. or rotating di;mals.

(2) Eimnatngliht n hezones a~t and near the
horiz,)nt&1 .

(3) Shielding units i'n diruction of the- sc'i.

tS
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V. CONCLSI Oils

36. Need for Establishment of Basic Dimout Policy.-
The drastic, curtailment of all lighting necessary for con- 9
siderable'distancos inland in order to eliminate completely
artificial sky. glow apparent at shipping lanes, although
effective fer 50 per cent or less of the dark hours, maiy
result in .waste and loss of life on land detrimental to the *....

overall war effort. S'ince the overall war effort is depend-
ent" not only on safety of shipping off the coasts but on
maintenance of production, transportation, and other essential -
activities on land, a basic dimout policy which strikes the
proper balance needs be established. This policy should ex-
press the combined Army-Navy dimout requirements as determined
by evaluation of all factors bearing on the war endeavor and ".
should establish the following:

a. Maximum amount of artificial sky glow brightness
apparent at shipping lanes or at a stated distance offshore .
to be permitted.

b. Distance inland from coast to be included in the
dimout zone.

c. hWether dimout should be enforced every night or
whether selective programs based on lunar and atmospheric
conditions or submarine activity should be executed.

G 37. Effect on Hazard to Ships of Reduction in Artificial
Sky Glow.- The minimum amount of background brightness
necessary to silhouette a ship, when the eye is aided by night
binoculars, varies through a range of 30 to 2F) micro-foot-
lamberts, depending on atmospheric factors and relative
positions of the observer and the silhouetted ship. Natural
horizon brightnesses prevailing on moonless nights are within
that range but are generally nearer the lower limit; and the ...
range is exceeded for all other lunar phases except during
conditions of fog, rain or snow. Elimination of all artific-
ial sky glow therefore will reduce the silhouetting effect

* of the background to that inherent in natural horizon bright-
ness and in many instances will completely remove the hazard
to shipping. Reduction of artificial sky glow does not ma-
terially reduce the hazard to shipping on clear, moonlit
nights. However, on moonless nights, the closer total back-
ground brightness approaches natural horizon brightness, the
less are the chances for observers on a submarine to detect
passing ships and gain the knowledge required to hazard an
attack.

38. Fundamental Sky Glow Data.- a. Relationships.- (1) .-
The apparent brigitness of sky glow decreases with distance from

. thc source of upward light in the same ratio as the atmosphekic

. 116 -

* 0 0 0 0 0 0 0 0 0 0 00
-o -- '.-........ . . . . .



transmission raised to the nth power, where n is the distance from
source of upward light divided byr the unit distance for Which
atmospheric transmission is expressed.

(2) Total apparent brightne-s*s from two or more sky plows
at any location from which they can be viewed in line is the sum ob-
tained by direct addition of brightness residual from each sky rlow."

(3) Total %ridth of lighted area effective in producing sky .

glow at centrs! line of the width is 2-% miles; i.e., ar(Es to
width of one mile to each side of an area 1/2 mile in width, add
part of their generated sky glow brightness to the latter. The
amount of brightness added increases as the atmosoheric trans..
mission decreases.

(4) The amount of sky glow produced over a given aret is
a function of the amount, concentration, and distribution of light L 0

in the area, and the atmospheric transmission. On the basis of
diffused light evenly (distributed in an area of 1/2 mile by 1/2 mile, .:

the resulting sky glow imy be computed by -ute following equation:

Bi = L 1018.02-15.56t

where Bi is resulting- sky gloiw at source of upward light, L is the
number of lumens of upward diffused liight, and t is atmospheric
transmission in deciuls per 1000 feet. ..

b. Adequacy of data.- Fundamental data set forth herein
are c7onsidered adequate for evaluation of amount of sky glow produced
by any type, amount, and distribution of lirhting; for delineation <';-,',:&\

of inland limits oA' the dimout zone and the amount of lifht control
necessary in each division thereof; and for preparation of dimout
regulations after basic policy has been established. However,
specific lighting installations, and problems arising from local . .
conditions, must be investigated in order to design proper dimout
treatment in conformity aith fundamental data and the purpose of-
the lighting.

3S. Contribution to Sky Glow by Specific Types of Illumination.- y.'.'-
From available data, per ceat oatribution to sky glow fron various a

types of lighting in the average city is estiaoted to be:

Per Cent Contribution
Classification to Sky Glow

Commercial lighting 38
Street lighting 3.
Automobiles

Indoor lights except defense in, ustries 8
Defense plants 6
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Thesfe contributions will vary considerably with the character
and size of cities; however, as a practical average they are

fairly representative.*

40. Inland Limits of the Dimout Zone.- The extent of
the zone requiring dimout treatment depends on sky glow bright- -
ness permissible at shipping lanes as established by basic " "
policy, but for most restrictive sky glow limitations it will
probably extend inland as far as 80 miles from the shipping
,lanes. Necessary control of light will become less severe
as the distance from the coast increases, and will vary from

virtual blackout in shore areas to small reductions in non-
essential lighting near the inland limits of the dimout zone.

41. Lighting Control in Shore Areas.- a. As the distance
of shipping lanes from light Eource or illuminated vertical
surface exposed to the sea increases, the candlepower or bright- 4.

ness limits non-haiardous to shipping also increases. How-
ever, relatively large increases in distance do not signifi-

cantly increase non-hazardous values. Permissible candlepower_-"
limits of unshielded sourcos were too low to be utilized for...
illumination purposes and non-hazardous brightnesses of illuni-
nted vertical surfaces approached blackout li.iits. Hence,
for safety to shipping, all shore li.-hts should be rendered
invisible from any location at sea. ,

b. ,hen shipping lanes are within 5 miles or less of
*shore--installations, a rel'tively small amount of light

escaping to the upper atmosphere will produce a sky glow of
sufficient brightness during optimum conditions to silhouette
ships. In an area of 1/2 mile by 1/2 mile, the minimum amount
of upward lumens of diffused lizht vfnich will produce a sky .* ,
glow brightness when viewed from 5 miles away, of 30 micro-
footlamberts is .900, of 100 micro-footlhmberts is 3000, and
of 200 micro-footlamberts is 6000. These anounts of light .
are so small that virtual blackout is preferable.

42. Priority of Treut.-ent of Lightin- for Reduction of
Sky Glow.- a. Lighting should be divided into two rather

* broc.d c1f,ssjficMaiAons based uoon primary iuncti.ons performed
in *furtherance of -he var effort.

b. Dimout should be accomplished insofar as po:.sible
by reduction or eliminEtion of lighting considered non-
essential. Data indicates that elimination of non-essential ,.-I..

"lighting will reduce artificicl sky C'low,, on the order of
18 to 58 per cc'nt with an average reduztion of 40 pn- cent. 4.

c. After elimination of non-essential lighti n., 'urther
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required reduqtions in'sky glow must be ,accomplished by treatment ~ *

of essential lhi~gink 1!14fT.i* tYPeso:3f-est .gtn may be
modif ied without too scriously- red4a"Aing illumination therefrom;
and -such..modifidations should be iah first; In general, dimout
treatment applied to' e~s--ta1 'l shotfl4. pifIoct necos~ary
reductions in sky glo W1Vthtininta~nco of oalsonable seeing effi-
cicneyt inslofar as possible. .~-.

4&. Dimout Treatment of Speci.fic Types of Lighting.- a. Motor
vohcloligtin.- 1) oto veicl hed lghtng~s A fctor in

0in citios above 200;o000 population -may alone -pro'duce sufficient Clow___

(2)ute aadatdsace f2 miles or less from source of ...

(2 iith peak concentrations of traffic on main coastal
highways., sky glow .brightnoss produced in rz ont of and behind the
lines of traffic may incroasku significcuitly the silhouette hazard
at distances of 8 miles or less from source of'rglow.

(3) Driving bormis of scaled boam hoadlaraps produc~e
approximatoly 1.7 times more sky glow than passing boams. Shield-
ing of upper half of hoadlamps using paosing, bavms reduces sky glow
approximately 70 per. cent bolow the unshielded valuo. This method
of dimrming results in aduqxxto roduction of sky Flow for nearly -all
situations. It also retains a roasonable ,vriount of road illumination,
is non-,glaring to drivers in approaching cars; requires no critical
materials, &nd is easy to accomnpli.sh. 4.hilc Vruator reductions in
sky glow can be obtained by othur mothods of shielding- -- making.
upper throe-quarters of loris opaquo or applying hoods or i-aftks with
various 31ze slits -- or by uso of '250. beam candlepower headlamps,

= such methods are oithor impractical or result in unsafe driving
conditions.

(4) On roads visible from the sca, all1 vehicle lighting
wit be extinguished except dIar. Department approved blackout vehicle
lighting' and a low level of interior illumination,

,b. StrGet lighting.- (1') Street lightin-,-one of the
-. most 'essential types of lighting, is a =tjor contributor to sky Clow,

This contribution is on the ordbr-of 33 per cent. Large reductions
in upward light from present luminairez cannot be accomplishod by
practical- shields without resu,,tv.nt reduction in downwvard light in
those angle's niear: the horizontal ne~edcd for oven 'distribution of
street illumination between lumainairos. WIith prosent lwainairus,

$ the reduction in downward light which' will acconmpany restriction in 's

upwiard light is as follows:
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Estiriatod 'Reductionis' inv~Downward Li-ht.Accomppanying
* Restt?ctions'. in p~atV Light,

Per cG~ntru'~ ir i4 6 n 'dtwnwarO lirht byzonres beo:w'
the .horizonta).'

Not -.ore than Not more than, Pactically no -

Tyo10/0 of laimp . of lamp light aboVe
of lnosa ,y2..Juin abovp the horizontal

Luiniro the hori'zoritci1 'h oroi1'7 z'..
_________ 0-300 30' 90 6~-30.- 30,90. -0*~QQ

DiffusinG 20 0' 40 5- . 65 .10
Rediroctivo 0 0' 10 0 .75 '0
0p~n reflector 0 0 5 0 20 0

(2) In divisions of tho- dinout zone where streot lightinF
must be troated to efftA rmductions in sky,glow,.tho amount of
light aboveo the horizontal f rom the luminaire s must bo rstricted

and mnium street illumination vt~luus specified in ordur to meet
d imout requirements.

(3.) In varuts visiblo fro-i tho sea the restrictive
shields ntuccssary tor,.ndor proseint strect a.nd highway lights
.non-haz,-.rdous to shippinr so rmduco lii~hting. efficiency that the

soltio apear tpbe -,xtinp,-uishmcnt of the lirhts. Howoyov

speci~lly dosigod .struct lif-hting system Civing specif ied
illuininatimn v .lu,.s may b... usuful on Qsse;ntial structs &hd highways
which approech thu shorc. dirtbtly) in orde.r to maintuin the movemhet
of vehicles without use of headlamips..

c. TZraffic Sipials.- (1) Traffic sign'als do not NV.
fapprmciably co-ltibuto to sky *r2,mr zrnd'no r'odificvti'n" is' needed
Where dirtct viewinfg frobm thfs. sea is impossible, M

9
*'(2) When visible from.the sea, traffic ' gignkl. mdst

be extinguished during dark hours or so treated thA vc.) -they are
invisible, to darlk-adaptud o'bseryecrs beyond 4000 fec-.t en aL clear,
mioonkss night rid (b) adoquatu sirnal indications arc brdvided
during all. oporating periods.

d. Lightcd pholl windows. - (1) Liilitcjd show windows in
th6 nurlbur ~ fndishppiit4 ;nd cmmc'ldistrictus, contributo
apprriciably to sky plowi. Torcthc-, with othier coinmocial 1 i,:htig
they r -y conti-ibutu appr,'jxiuat,.l:Y 38 per cent of sky Clow Above'
cities. Totcil lins en-itt(ed 'atbol,% and bolpi the horizontt.1' b

navcorago , ncando scont ~n loec ihe hwwinduw are
as f ollows:-

-120-

7-K



S

.umens rmitted fro-m an average show window
Inbandencent LighteT

N~o Arming Awning
No Curtain ."Curta.in I o.Curtain Curtain

Below horizontal 1462 to 2262 150 to*22b 1462 to 22b2 150 to 220 i%
Ab ove horizontal 489 120. 190 50

Fluorescent Lighted "

Below horizontal 1525 to 2325 165 to 235 1525 to 2325 165 to 235

Above horizontal 431 105 140 35

(2) Dimout curtains dnd/or awnings materially reduce up-
ward light; however, since show windows are classed as non-essential
to the war effort and methods of light control are complicated, en-
forcement is difficult, manufacture of dimout materials requires man- ..
hours and use of production facilities, the most appropriate dimout
treatment is extinguishment.

e. Buildinf windovs.- Building windows in certain instances
may contribute ap eciably to sky glow. Proper treatment of
windows depends on the type and function of the structure. Re--S
duction in upward light may be had either by masking the windows
or dimming or shizl'inr interior illumination in such a -,,enner
that light incident on the .,indow is reduced. flaking up, ard three- *.-'-" "-
quarters of fglass area opaque wil1 reduce upuard lig ht approximately
88 per fent. 'While opaqueness of the shielded prtion gives -axi-
mum effectiveness in reduction of sky glov, nevertheless, blinds of
standard design with trans;mission factors not exceeding 25 Der cent,
newspapers and venetiar blinds all reduce upward light appreciably.

f. Use of indoor blckout lamps.- In areas or installz,-
tions visible from the sea, use of "',ar Department approved indoor
blackout lamps spaced not less than f,' feet in any fiirection and S
without shields ,.-ither indoors or outdoors does not create a hazard
to shipping.

g. Minor aids to e.:vigation.- Presunt minor aids to navi-
ga tion my provide .efinite assistance to subm,.rine6. Proper dimout

iv . treatment depends on the relative necessity fo, theii maintenance as
I,. guides to shipping as balanced against lo,.ses from submz fine action

which iiay be attributable to tnem. Further study by the aopropriate
authorities is required to develop correct tre-tment; hoviever, the '."

following may be concluded from th- test dta:

(1) Flashing liihts give less assistance to submarines than
fixed lights. -.

t (2) Degree of assistance provided submarincs less(-ns as
eclipse period increases and as length of fIlash decreases.

(3) Nlaximum prmissible candlepowers for fl. shing or
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,f ixod minor .aids to navigationi on the basis of eliminating
possiblo assistance rendered subnicuines,' rorvidod subriarines cann-,ot

approach olosar than two nautical miles -ro them, are as follows:

Red '6
Clear 90.
Green 30

44 Problem's Arising from Spocif ic Typos and -Applications

Of Lignting.- Many specific typos and applications of lightinC

will require .detailed irnv'istiGabiens in order to dovo-lp corruct

dimout troatriunt in conformity with basic pilicy, C undarnentcl data 0 w

sot f,-ribh in this report, and required liItln utility. L'.

comnittee ejiypowurod to carry out such studi(,s and to settle

pr,)blens that nay ari se should be f ormed. N

f22~

-7777S

:Z"1



VI DIMOUT REGULATIONS

45, Interim Dimout Regulations. a. Application.-
Dimout of coastal lighting is now in effect under reglations
prepared by the various Defeise Commands. Due to the necessity S
for quick action in combating the submarine menace to shipping,
these regulations were hurriedly prepared without consultation
between the Defense Commands, with the result that frequent re-
visions have been necessary. Much confusion on the part of the
public has been created thereby. To correct this situation,
final dimout regulations will be prepared to serve as models
for future Defense. Command regulations as soon as 6asic dimout
policy has been established. In the meanti-me, hci,;ver, interim
dimout regulations are included to aid Defense Commands, by -
providinG them with a means of judging by comparison the effect-
iveness of their present regulations, and to encourage revision
of those regulations to achieve general uniformity of light 0.O .
control. The interim regulations should not be considered as
final, and present Defense Command regulations should not be
revised drastically pending the establishment of a basic dimout
policy and the issuance of final dimout regulations. In those
instances where Defense Command regulations deviate widely from
interim regulations, the former should be adjusted to conform .
with the latter. On the other hand, where present regulations
are compLrable, further revisions should he postponed until
final regulations are available in the interest of conservation
of materials and manpower, and of preventing additional con-
fusion on the part of the public.

b. Suggested interim dimout regulations.- Suggested
interim dimout regulations or use as described in sub-paragraph
4* above are contained in Appendix I.

* -' 44%

46. Preparation of Final Regulations.- Final regulations
based upon the investigations described in this report will
depend upon the establishment of a basic dimout policy. Once
established, the definition of divisions of the dimout zone,
amount of light control necessary in each division, types of
lighting which must be restricted, and the preparation of
specifications for certain dimout lighting devices can be com-
pleted without further delay. The final regulations will specify -
the type and extent of light control necessary to solve all
ordinary dimout problems. Unusual dimout situations aill require
individual study to determine the most appropriate methods of
meeting war requirements on land and at sea.

0
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The Effect of leteorologiea, Fact6V on Light Transmission ,

-By E. S., Sproles

The site of'. the tests conducted at Ponte Vedra Beach, Fla. was
fairly representative of the southeastern coast of the Uited States
so far as weather'conditions-are concerned. While there is some
difference in conditions on the'Carolina coast and the Flqrida coast,
the essential, factord'in connection with sky glow are very nearly -

the same. It is an area of high hiimidity, except for occasional 7
short periods durirg the winter when outbreaks of cold, dry, conti-
nental air reach the coast.

Some of the meteorological facts observed during: the tests
which may have -a bearing on tho data obtained.are given below. In " Z

addition, I have given some definitions and methods uded to deter-
mine certain factors, and their influence on atmospheric conditions
which niight affect light transmission. These factors include visi-
bility, humidity, wind, and cloud heights.

Visibillty is defined as the mean horizontal distance that objects .
can be see4 by the normal eye; unaided by field glasses. Night visi-
bility is based on the same principle, but must be determined by differ-"
ent methods. One methdd is by observing lights of a known distance,--! ""
provided these lights do not have special--penetrating qualities. On
a cloudless night the brilliance of the stars can be used to deter-
mine the presence of obstructions which decrease the visibility 0
especially if those stars near the horizon-are used. The beam-of
light from a powerful beacon or searchlight shows the presence of
haze in the air.

Since the test area was in the blackout zone, it was necessary
to estimate the visibility largely by the appearance of the stars, 0
and the beam from the searchlight. The blinking light on the light-
ship, about 12 miles distant, was used when the conditions were
about the same over land and at sea. '-""

Horizontal visibility at one level cannot be used -as a criterion
for atmospheric transmission of light except at that level. *Therefore
horizontal visibility at the surface may be misleading in tests of
this kind, where sky glow reaches to considerable height., and the
light must be transmitted through layers df the atmosphere which
differ in transmission qualities. Ordinarily tho visibility is v...
restricted more near the ground than at higher levgls because
foreign matter such as smoke, dust, and moisture arc moie prevalent 0
near the surface where they are carried into the air. Hiowever, there
are numerous cases whero these obstructions are more pronounced
aloft, due to distribution of heat and air currents at various levels. .

V•.•
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Wind plays a very important part in determining visibility. For ' -
exr -ple, *on i.night when the- vrind'is.:..1 miles per hour or more, the
vid.bility and transmission will be better and also more constant
than on a night with little -or-'nd wind. The movement of the air keeps -
the moisture and other obstru tions equally mixed throughout the air
so that there is not the formation of ground fog or layers of smoke
or haze that are so common on calm nights, The wind also mixes the
air so thofoughly that the temperature is kept uniform; thus prevent- .

ing the'formation of cold and warm layers or pockets of air which 7
cause the formation of ground fog and-smoke layers. On calm clear
nights' the ground cools "rapidly, thus causing the shallow layer of
air near the ground to cool also. When the temperature of this
layer drops to the saturation.point(dew point), then the moisture
in the air is condensed in the form of fog, dew, or frost. .

During this series of tests the visibility was noticeably better
over the sea than over land. Since there is always more. wind over a
water surface than over an adjacent land surface, the mixing of air
is greater. However, the more important factor is the fact that
water surfaces -hre not cooled by radiation as rapidly as land sur-
faces, and since the water temperatuires here were higher than the
cooled land surfaces, the temperature of the air over water did
not drop low enough to cause fog.

Relative humidity is the amount of humidity actually present in
the air as compared to the -total amount that the air at that temper-
ature could hold if completely saturated. It is expressed in per cent
and is determined by simultaneos readings on dry and wet-bulb
thermometers, It is important. in detecting moisture in the air in
amounts large enough to cut-dovn light transmission. Moisture in
the air becomes visible in the. form of haze.or Log, depending on the
amount present and the temperature of the air. Fog or groundfog
forms when the temperature of the air near the ground reaches its
dew point. At this temperature the relative humidity becomes 100%.

-During the period of the tests there were only three nights ..
during which the sky was~overcast. On the night of January 7th and .
8th, there was a high; thin oveicast most of the night.. Although
thin enough that the brighter stars could be seen through it, the
cloud layer was dense enough to reflect considerable light. The
beam from the.ceiling projector produced a very distinct spot at a
height of about 20,000 feet. . .

On the night of January 8th and 9th, and on the morning of-the-
14th, there were almost identical conditions of low overcast skies
accompanied by light rain or drizzle.. The heights of the clouds were
variable from 300 to 700 feet, and consisted of a ragged base
through which the beam from the ceiling projector penetrated to
some distance before fading gradually into the clouds in a diffuse
manner. A cloud base of this tjpe.absorbs-a.great deal more light
than a smooth, dense base, and hence is. not a good reflector. *

.. .... ..........
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* STREET LIGHTING DIMOUT

Second Interim Report on Engineer Board Request ..

-" is ~iii
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" ~~December 31, 1942 %- /
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1.-Field studies. Mr. . oWoodside, as the 'official representative
of' the Committee, assisted %hroughq.t the recqnft fiela studies 6on-
ducted by the EnGineer Board and the Naiy& Mk. 1 oodside-and Mr. H. G .
Clum'five been invited by the military, uthoritjes to be the official .
representatives of the Committeq in awforthcomiig Rield study.-.:..

2. Data ftom field studies,, .On. Decerinr 4. the Subcorpiitt e Chairmanh
received Prohm tha Engineer Bpord the major portion of. the data obtained '

in the field study relating to.-dimout street fighting. These data wre
found to'be adequate to establish reliably the relationship bdt%,een air
glo (or'sky glow) and elevation of beams directed toward the point'of'
measureidnt,. for the conditions covered in. the study., These ronditions 7 ,
weai'e approximately' 900,000 total beam..lumens in ail area approxiitel- ,,
1/2 mile'by 1/2 mile,.measurements from a distance of 5 miles, and
unusually clear atmosphere. Similar measurements with the beams diiocted'
away from and transversely to.-the point of measurement indipated.the.
general range of values but did not establish reliably'th" relati on- . ..
between glow and be'am elevation beeause of uncontrollable variables in!..'
the test conditions.

3. Studies at reduced scale. It was found possible to set up test .

facilities at reduced scale which checked closely the field restdts.,.
Such facilities were employed at Nela Park in an intensive series of., v.'.'
tests conducted in the laboratory and outdoors from December 5 to 14.,
Measurements cbvered four variable conditions on which data are required.
to permit computation of glow attributable to street lighting, and other
forms of lighting. These four conditions are:

a. Atmospheric conditions.. W7eather conditions from December .5 '

to 14 varied from very clear to fairly clear, hazy,..rainy, aid- snowy -'
The data shqwing the effect of atmospheric conditions are cha ted in
Figs. 1 to 8 inclusive, In each ca~e the atmospheric conditioh'6t th"
location of the glow vv;s as stated on the drawing, but because of the
reduced scale of the facilities the atmospheric transmission between the

. glow and the point of measurement may be taken as 100 per cent in all ,
-V cases.

The Engineer Board has requested one additional item in connection
with this series of tests under vai.ous weather conditions. This .addition-
al item is a correlation between the repoited visibility distances, .as .. S

estimated by the Cleveland Weather Burepa, and the atmospheric trans- i-%
missions. Suitable facilities are being designed and it is hoped that
measurements can begin within a few .diys....-

b. Am6unt of light. For givea conditions of atmosphere, beam
distr~ibution, and distance of mea;,uremint, it was found that the value'of'
glow varies directly with the lumens. " ..

c. Width of lighted are6.- "Since the width of the lighted.area in the

field study was approximately 1/2 mile, .the data may be applie-d directly
to computations of glow from lighted areas of that width. ..Abn an area. .
in which light is causing rlow is wider than approximately 1/2 mile, the . _

adjacent 1/2-mile areas on each side of a given 1/2-milc, area appear to

. .. . .. ...". - .. . .. .. . .. ' J-.j%- .- j. '-2 
o . .
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* add appr'oximately 25 'per cent to the Clow above the given area, for
lighit distributions representaj~ive of stroet lightingi F-urther measure-,

4 mets wllbe- included in a fo~hcoiing ftbold studyt

dDepth of lighted. are. Sni hedphbthlihted area in
* the 11ed study vas approximaely 1/2 mile, the data may be appliedS
-:directly to computations of glow from lighted areas of thtt depthb

MTere an 'area from which 15,ght is~qaus-ing glow is deeper than-approx- .
imately 1/2-mile, - that irs,. where there is. in effc~ctaw of i/2-i '1
areas in alignment wnith-the point of measurement - the combined Clow
app~ars to be the .sx'n~of the glows from the individual areas. Measure-

.4Mcn 6 at both full and 'reduced sc .ale support this conclt~sion; Howevor,
recent Army studies-indicate that the brightnesses of a 'row of.areas
in alignMent wiiih the point of measurement may not.,be directly additive. ~ ' '
Further mQ~surernents will be included in a forthcoming field study.

4*. Critical'condition; The foregoing data show that'the amount of -

glow prodi4ced by a given lighting condition is greater 'in hazy than- in
clear atrnosphe're, when measurements are made from a point close to the
lighted area. The most critical condition, therefore, might exist if
there were hazy atmosphere along the shore line and clear atmosphere over
the sea. More commonly a hLazy atmosphere ulong the shore line would
extend out over the sea;z and the greater glow, due- to 'the hazid 'wduld' be'-
absorbed wi-thin a short distance. Therefore.it i3 considered that for 3
practical purposes clear autmosphere may be *taken "s the critical con-
dition becauso aiVy additive effect of sky boghtitess from sources
inland is then Opresent to nexi-rin degree.

5. Computation of Elow. Data. at hand ap-pear to be adequate to set up
a simple and reasonably accurate method of computing glow. from street
lighting-', provided one knows the -aidth and depth of. the lishted aifeaj .~
the types of strept lighting liminaires bmployed, the total generated
lamp lumens in each-typo of luminalre. If any dim-out shie-lding of the-
luminaires is employed, -the extent of such shielding-rmust also be known,-
Wfhere the distribution -of* street lighting throughout a large area is
sufficiently non-uniform to produce an uneven glow, the large area may
be biokqn down into smaller areas and the same computation method employed.
Followifig ib an expleanation of the viay 'the tabulated values employed
in this computation method were determined and how they -may be applied.

a. Glow from zones of-light emission. Table I presents the amount
of glow produccd~by 1,000,000 lumens emted'in Various vertical zones
and horizontal sectord. These'vdlues are based on the measurements
at Lull and reqduced scale. They upply to' the crj tical dondition of
clear atmosphere, -when the lighted prea is viewed from a distance of 5

.. miles. Thle values in Tabl1e I include a factor to take account of the
additive effect of glow from adjacent transverse areas as explained
in paragraph 3-c. In any computation for an-area onlly.l/2 mile wide

-ths aditveeffect'is not pre sent and, the vulus, in* Table 1 sl~ould be
di4.ided by 1. 25. 'It may -be notod'that ,the v alues. of average glow from.
all sectors (in the last column) may pioperly be applied for rediroctive
as well as symmetrical types of ,luminaires. bocause within areas of the

* size under considerution there will be reasontiblo '1i-vorsi-ty of directional
positioning.

0-
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Table I -'Glow pei :Million Lumens in -
' Various Zones and Sectors.

Zones- Glow (11FL) from 90* Horizontal Sectors,
Angles Above Toward To Right., Avay From To, Left vge..'!ov"
Vertically Downward Observers of Observ.ers Observ.ers.of Obsor-. ( L) -in-..

vers all Directions '

0-60 180 40 40 40 75

60-90 280 76" 70 70 120

90-120 .320Q 120 120 120 900

120-180 550 270 270 270 . 1340

b. %onal emissions from luminaires. Table II presents the Sub-
committee's analysis of the per cent of the generated lamp lumens in the
selected zones from representative types of street lighting luminaires.

Table II - Light Distribution from Thopreseniative
Types of Street Lighting Luminaires

Zonal Lumens in Per Cent of. Generated Luriens

Zones Diffusing Redirective Open Reflector
_Luminaires Luminaires Luinaires

0-60 12 18 38

60-90 23 35' 37

90-120 22 4 5

120-180 13 3 .0

Total for all ',ones 70 60 80

-S-7
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c. Glow from types of luminair ki The values in Table III may be

applied directly in computations of glow from unshielded street lighting.

These values are based on Tables Iiand.II For example, the valres in

column 2 of Table III were -obtained by multiplying the values in the

' last column of Table I by the values in column 2 of Table II. For each

*j type of luminaire, the total of all z.ones represents the glow in MFL

per million generated lamp lumens i~n 'that type of lumikhaire, as ob-

"* served from 5 miles in clear atmosphere,

Table III - Glow rom Unshielded; Clean Street Lighting Luminaires 
' .

Glow ( FL) per Million Generated Lumens

Diffusing Redirective Open Reflector
Zones . Luminaires Luminaires Luminaires -

v0-60 9 14 28

6 60-90 28 42 45

90-120 200 36 45

120-180 44 10 0

Total for all Zones 281 102. 118

d. Computation for unshielded street lighting, The following equa-

tion .may bq used- to determine the street lighting glow above a given

area, throughout which unshielded "steet lights are reasonably distributed:

G M(281 Ld + 102 Lr + 118 Lo)

2 I

G - Glow (MFL) as observed from a distance of 5 miles in

a given direction and in clear atmosphere.

W - Approximate width of lighted area, in miles.

Ld- Total. generated lamp lumens, divided by l,000,000,in

diffusing types of luminaires.

irdrci Lr- Total generated lamp lumens, divided by 1,000,000,,:: " "in redirective types of luminaires. ' ,.:'

Lo- Total generated lamp lumens, divided by 1,000,000, in

open reflector types of luminaires.

Mi - Maintenance allowance - estimated lumen output of

luminaires in per cent of lumen output with lamps and luminaires new and

clean. A value of 80% may be a reasonable estimate in most municipalities,

-4-
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As a check of the foregoing computation method and equation, calculated
values of glow above two municipalities Ware compared with measured values.
Above Schenectady, N. Y., the computed glpw from street lighting alone
was 620 MFL, while the maximum glow measured from a distance of 13 miles
end including some outdoor lighting other than street lighting was 850
"IFL. Above Taunton, Mass., the computed glow was 130 11,FL and the glow ".v
measured from 5 miles was 136 MFL, 'both applying to street lighting
alone.. The.se checks are remarkably close,, .and it is the opinion of
the Subcommittee that the computation method may properly be applied
to calculations of glow from s ielded as well as unshielded street light-
ing by taking proper account oF the reduction in lumensin certainX z'ones
due to the shielding.

e. Computati6n for shielded street lighting: As ,a basis of com-
putation of the glow above representative municipalities, three degrees
of dimout street lighting restrictions were assumed. These were (1)
not more than 10% of the lamp lumens 'above t.he horizontal, (2) not more
than 3% of the lamp lumefis above the horizontal, and (3) practically no
light above the horizontal. These steps represent respectively, (1)
the moderate restriction in effect on the Pacific Coastj (2) an inter-
mediate restriction resulting in a loss in street lighting effectiveness
which is substantial but perhaps not unwarranted as a compromise between =-..,

the conflicting requirement -in critical ccastal areas, and (3) the
drastic restriction in effect or proposed in certain Eastern Defense

" "Areas.

In the judgment of the Subcommittee, the above restrictions
in upward light would unavoidably be accompanied by reductions in light 0

in zones below the horizontal as sh'ovm in Table IV. With many shielding
expedients now employed the reductions in downward light are greater
than indicated.

Table IV - Estimated Reductions in Downward Light Accompanying
* Restriction in Upward Light

Type of Per Cent Reductions in Zonal Lumens
Luminaires Restriction (1) Restriction (2) Restriction(3)

0.60o 60-900o 0-600 60-900 0-60o 60-900

Diffusing 0 20 5 40 !0. 65

Redirectivo 0 0 0 10 0 75

Open Reflectors 0 0 0 5 0" 20

..

.- 5- 0

i . . ,. ' '
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,- It is estimated that the overall street lighting effectiveness 
with

*Keh abSoV' restricti6os assumifig well dpigned shields, would be

; (%')' @O-65 per "Went 6f -hormial, (2) 70-90"per cent of norma!, and (3) -:..

25'-50 per cenit :of n6'rmal. !ny restrictiph greater than. that in (2)

redults in s6ri6us'lois
g'ii 1:i ghting &ffeptiVeness, regardless of the

method '64ipoyed 'to r66'&6t -Atfie 'r'7tictiofli

[ Table V . 'pdet, u . 'Of 'lowy i' e'r million-generated lamp

* lumens j "as' sb'erved f r6ni 5 mies' In clear" atmodphete , for the thtee

typqs " tW'tiet."1ightVhg luxinai-es, id ,the thze'e degrees of shielding -"

assmed -TeseVlis r' tdessd-14on the preceding tables. They may

b -6 applied directly in computations of glow from shielded 
Street light-

"."ing, employing the following equations with the meanings of the torms "--

as stated in paragraph 5-d:

R ostr ction'(1) G 1-(2d 2 Lr+118 L

2W -

Restriction (2) G : 1 (52 Ld+7 9 Lr+ 98 Lo- 
"

Restriction (3) 2G 1A (18 Ld4. 2 5 Lr+ 64 Lo
-, 

_-. -. --.

Table V - Glow from Clean Street Lighting Luminaires

-- with Three Degroes of Shielding.. -

Glow (AL) Per Aillion Gener&tod Lumens ,

Diffusing Redirective Open Refl.

Luminaires Luminaires Luinairo a -.

zones (1) (2) (3)(l) (2) (3) (1 (2) (3)

0-60 9 8 8 14 14 14 28. 2828

o60-90 22 17 10 42 38 11 45 43 36 -

"90-120 90 27 )0 36 27 0 45 27 0

120-180 0 0 0 10 0 0 0 0 0

Total for
all zones 121 52 18 102 79 25 118 98 64

6-
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The oemputod values of tlow in Table VI are based on the values in Table
Vi with'M equal: to .'80.

"-", c. ," • ",,- Table "V ....Computed Glow" from oar 'troot Lightri -Cdnditins ,
-; .. ', , " . ionResii~t(1) t (3)

M41unicipality.Appreoximato MFL. MFL' P16ridal M -L'%oriml. MF ~orrnal
IP6p. x-lQ20-~ Norma.n ___

, SchonectadyjIY 100 620 tb6' 49 -  l45 -. ,23" .8,

Buf fal o,, .- Y,,2~ 60 '7, 80 -,,,.-6

Glen Falls-,. NY.. 20. 115 80 "70' 5*3 :46 19. 17,

4 Taunton, Mass. 4Q 130 96 74 68 52 : .35.. 2.

It vrill "b'o noted in Table VI that 'the three rastrictions ,result in ..

diffdrent percentage reductions in glow 1'n the 'four oities.. Thereason
is that the street lighting luminaires in Sch6noctady and Buffalo are.
predominantly of the diffusing type, those in Glens"Falls. are prodimonant-,
ly of the rpdirectivo typo, and those in Taunton ar6 largoly of tho.opon

S. reflector type As shovm in Table V, a given roetriction in upward
light produces different reductions in glow for the th'reo typos of. lumin-
aires. - .. - , .-

Tp tl g
£These aAd other computations indicatte that the' glow whi~h* wLould& result

" from street lighting with the abov,. rostrictions in effect \ould ,sully
:7K,,-. be of the order of (1) 50-75 por cent of normil (2) 25-50. percent .of,

normal, and (3) 10-25 per cent of nor,al. •..

6. Permissible glow from artificial lighting: 'We uifd6rstand tho.rocont
field studies indicated that an increment of only 30 MFL in glovr-,
added to sky 'brightness of the, order of 100 IdWL -- resulted in significant

* * ihreise' in dutectability of ships relatively close t6 observers employ-
ing night gl~sses, and that the' increment in'creased to some .xtent as,
the "distanne. batween observurs end target sh'ip Increas~d.. It is
undoubtedly'recognized. by tie.. armod servico"'tha-t an increment of. any
such low brdor is only a fiation. of the' variation in sky brightnoss qon
moonless nights when no artificial 'lighting at /l1 is invoLved.

'- ~ Undoubtedly they.'also are aware' that .all dim6ut pradtioes' thus fa.
employed resalt i.n much higher glow. "The' Sabcomnitteo -xppreciatqs, that

,from the standpoint of ship det~etion alone it would be desirable.Q..
limit-the increment of glow from drtificial" lighting to the. l'east amount
producing increased detectability of thips. We judge "the armed sorvices
would like from the Subco imittoe the foregoing.analy~is of thu effectiveness

* of the street illumination'which could be providbd with very low
increments of glow, in order that they might appraise the gains at sea
and the losses on shore in relation to the overall war effort. 0

7N-.
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In summary, the values in Table V1 W16ato that a7 lliaitatioi on 'glow
from street lightingof the order.of SO..MFL, except in small municipal-
itiezs,surrounde.y,,rural ar:a,. be met only by curta iing street
:'lh~i~-t o radc 4l y- h4t prc- 'l --all its oqffectivofngs, qould
be lost. A limitation of glow fr'om street lighting of 1jf..to.er . .
200 MFL vould nppmar' t- ffera -pportunitr-.f'r-dos g n 'of* -shids- ........... __

af fording reasonably good stroot visibi*lity. ~.

7. Street lighting a v,ital facto.r. In, connec.t.on with an appraisal .of
dimout gains and losses the Subcommittee again emphasizes that dimbut-"
roulations resulting in.lowored.stroet lightiig- effectiveness cause
greater traffic hazard and slower movement of men and materials'. "The

*' groator traffic hazard cannot be dismissed as ofminor consequence on ..

the generalization that the victims are civilians who are of little
or no importance to the war effort. 1lvo. if ono. might venture ,to .dis-
regard.the humanitarin pand econqmicaspopt. o.accidents....to .iliais .
recent analyso' show .that substantial. q..d rapi(dly. increa rn. pOrc'entages
of traffic casualties are among mrmbcrs Of the oied sorvicos'4nd among
defense workers considered, sufficiontly impor' ant to the war effort to' -

warrant. keeping them out of the armed services. ?or excpmplo, in New
York St' te as. long' ago as 1940,. boforb vtar;. poduc'tion wasfuhlly under way, .**."2"

over one-third of all the drivers reporting traffic accidents were
skilled workers. Many more skilled workers are now being killed Vaiz,
injured.in traffic. accidonts than -are being killed and injured at work. 9
The Prisident!s repoted insistrtce on groater attontibn to .traff.ic
safty,emph;sizes the seriousnwss of the lpsscs te the war etoXrt through
traffic casualties.

Furtherjinformatipn on this .spact. o ,problom ispresented ill. A

Appendix A, . . .. . . .

R'athertn a' contiuouscur of coastal street lighting"

suffi ciontly drastic to r esult'in a gloyi incremont of the order of only
30 IFWL the biest interest's'of thb 4iar effoit might be served by , .\ "".
turning out" all coastal 'street, lightipg daring thPew hiindred -hours
annually when. such an increment of glow from, artificial lighting is
significant, and by.1oLevinr tho. noniial lighting pon at *other times.
Measurements, hav. shovm that during 'periods of actual or nominal moon-
light, and d~uring the heavy-traffic dusk ond dawn periods.of at least
1-1/2 hours durat on each, the sky brikhtness, from natural illuWination
is-.of 0. hi gh 6rder which renders insigni.ficant the glow even from fdll,
unshieldad street lighting'. Dur.ing such periods, and also during ad- -
verso weather,, street lighting res. rictions handicap the war effort o ,'
land' and are, of. no significant.ovalue. at sea.

"7- 8-
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The Subcommittee reiterates the principle that a major part of the
permissible sky glow under dimouts should be assigned to lighting
for essential war activities such as street lighting, automobile
hoadlighting, traffid signals, protective lighting, exterior
war industry lighting, etc. Every effort might properly be made
to minimize sky glow from other sources ,rhich do not contribute '.,

directly to the war effort or which cnn produce the illumination
desired without the unavoidable accompanimecnt of' sky glow.

8. Further studios. Tho Subcommittee believes that insofar as~~~street lighting is concerned no additional field or laboratory studies ..r i

of glow are needed except for further measurements of the additive
effect of adjacent lighted areas.

Kirk M. Reid
Chairman, Research Subcommittoe

Chairman's Address: Committee on Street & Highway Lighting
Nola Park Engineering Dept. Illuminating Engineering Society
General Electric Co. December 311 1942
Cleveland, Ohio
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APPEN~DIX A

Traffic Accidents as Affected by
Dimout Street Lighting

Hartford,Conn.

Mr. R. E. Simpson, Chairman of the Connecticut Dimout Consultin,
Committee, has made ar analysis of the change in Bridgeport and '..,- -
New Haven traffic accidents per million vehicles miles during 6
months after compared with 6 months before all street illumination rO-
in the two cities was cut approximately 50 per cent to meet dimout
orders. He found a decrease of 15 per cent in the day accident
rate, as iould be expected because of reduced traffic following gas
rationing. In spite of reduced traffic, there was an increase of -
21 per cent in the night accident rate$'

National Safety Co~ncil

Following are extracts from the minutes of a mooting of the Cormmittee
on Traffic Engineering, Street nd Highway Trffic Section, National r
Safety Council, on October 28, 1942.

1. Existing dimout and blackout regulations specify maximum
light intensity permissible, but no minimum flooring has been pro-
scribed. This leads to unnecessary hazard due to undue restriction
of light.

2. There is a need to impress local officials with the importance _ _

of safety in dimout periods. Many unsafe practices have developed
in regard to blacking out of signals, etc.

3. There is a need to impress the Army vith the importance of ,.
setting up minimum as well as maximum light standards. This might
be done by a formal resolution addressed to the proper officials
from the National Safety Council, and it night be de)sirable to go so
far as to provide a special comnittee to work with the Army in
studying this subject. .---.

4. A preliminary study of accident experience in dimout areas
would be desirable.

5. There is a general need for standardization of lighting
restrictions for blackouts and dimouts., -. .

Street and Highway LiChtinG Safety Bureau

The attached publication "The Case for Safety Lighting on Our
Essential War Roads" discusses in some detail the contribution of
adequate street illuination to the war effort.

7..
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' _ .Estimate of Lumens Emitted by Lighted

~~~Show Windows of an Average Store or '..,

*' Service Establishment \.
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Est.. a.e Q-t Lumens 2mitted by, Lig1te ,Sh" Wd. .Sy '.,.
*' 'f ,* t ,,o"-,an. Aveage it"r e, "

1. OBJECTIVE. - The objective f this' study is data Which may be-, ~cjo3related,.,with. ot er.jnaterial, to., ,idi.ate t hlppom.ie ontri-

bution oi 'show window lighting to sky glow.

Requested were"

a.w, 'An. est.' mae of ,.he ,lumens ,.emitted ,upward .by. an. ave jI"- vindow
,ith standard, lighttng. equipments, Y(ith.,bothl ; lment, and,j orescent
lamps, and...u4zgE, typical refl'ection, factors £pr merchandise: and back-
grounds.

b.: .The eff-ect. of the presence; of. a .lpwered.- awning. on;, .--

Tc. he effect of a typica show. Win ovr dim-oit c~utadi ont oenditions
a. and b.

'd. The lumens below horizontal incident on sidewalk, pavement and
opposite buildings. .&.........

2. BASES OF THIS ESTIMATE - Calculations of theY' t.ti tes were
base on: : . .. . ... . .. - ,° : :..

a. A shovrwindtw"f - ',t age -ci±&5'nd o vi6fo,-+6cribed onP kage h of the book, 'W"indow Display Circulation and Market Coverage",

published by The Advertising Research Foundation of The Association
of National Advertisers, Inc., and American ,Association .of Advertising
Agencies. (See Appendix A 1)

b. Average wattage employed in show windows, as determined by surveys.
SSee AppeDdix A 2) . .

c. Calculation of illumination produced in the average 8how window.
TSee Appendix A 3Y ." .. ",
d. Estimates of reflection factors in service, weighted by display ,.
Trimplane zones. (See,:Appendix A,-h)'- .

e. Angular distribut6n of" lumens refilected from the three trim plane
zones and backgrounds of the average wind ow, .based.on photometer
measurements of a ma'.' '(See Appendix -A-s) 2

f. Data--on- dim-out.-curt-ains- -orh',, irndows. . (Sou 'Appendix A 6)

g g. Estimate of lumens emitted toward, the sidewalk, based on measure-
ments -taken .befor'ei/a vind-ov in .tlyOtnotalEe~tric .nstitute, Nela Park.

h. Average 6f 1,9 l4 niridows per esabiseinent,' ased on the reference '
given in 2 'a. above. "Used to facilitate 'brrelation with the number
of establishnents in 'a locality.* ' . '" -.

i. No light from within the stor.e is included,.

*Study Qpnducted zt. llluminatinErngineriing taboratories, General
Electric Company, 'Cleveland, Ohib,'-

.4 • • • • • •

-7 ' " . " " ' % .' " ." . '* .% J * " . . * • ' ' ' ' . -* * " ' ' ' . ' " . . - ' 2 " " r " " / , . * " 
. . •

" .



3, PROC "T R 6..,, s one-of correction of3. PROCEDUR .... id . .

t~, .u .e mtp .. td-he L"background included)

of the mQdl 1,in amouhts:depending upon; " .......

a. Calculated brightnoss ofsi4Th1'la3 s.n he4Verage n. d,...

b. Area of similar zones in the average window. 
-.. .

o' RESUJLTS."- .It -hould beinotpd..that since the variations.ifn window ,

eatures .dimehslont efletn f 6r and lighting are extreme,

these figures shoUld 'be .coris,$dero :s' .indiqating. onl- 'the proable

order of magnitude for a reprosehtatve group of .vindows.

a. Windows With Filament. Lighting -. Approximate lumens- emitted 
by

Tilament-lighted windows of the avrg store, or seryice establish- ',

ment. (Reflectionfactors:vary somewhat among zones 
A, B, C.) (Se

Appendix A 3) (See Appendix A 6 for curtain;.).

(1)'For reflection factors as given in AppendixA 
3. -

Lumens

Zone ,

(Dogrees No Aning Avwing,
, , above. ___._n______ _ ..._,_..__

' Nadir), N -Curtain •,Curtain No Curtain Curtain
__________ __. 

'_- _ - - . .

, :.'0- ' 1200.- 2000 800 1200 - ,2000 80-10
5.o

40-90 265 7 265 70

90'12d "  31Q 85 185 50

120 -180 180 35 5 .

Total
Above h90 120 -.190 .0 4.

Horiz.

(For aproximate distribution by100' Zones,.

('4O- 160°) ,:(See Appendix B 1)

(2) For unifbrm reflection factor of 0.30. . • .

Lumens
Zone

"" .(uegreeS -- "A
bove No'Aning Arming

Nadir)._... No Curtain CurtaZin No Curtain Cp.rtain

.; . 170 - 200 .0o-rl5d 1200 - 2 00 0
0-96 2 290 .. 70 -.

90-120 50 180 50

.4-2., ;.'180 . ,170 30 5 -

Total 475' • 110 185. 50

Above
Horiz..0 (tuien8 abdve h 0 ,are proportional to reflection-.'.-, '"factor.)-

• 
, - - -..

* *44. *4*•* .,..'..... .. . . . . . . . . . . . . . .



b. Windows with Fluorescent Lidhting -Approximate lumens emitted byr
q1u~es 6rnt 1idhted- §howcwindow6, bf -'the. -a~erhge& 'Store. or. sefviae os-

* (11W-6eo led1tion -f actorslasIgiven- irfdipp~enaix A,.3), __

Luens

E6 - .NoAvoning XIng,
Nadir) No.Curtail 'CUrtaM-; :Io Gurtain ; ,,urta:Cn,-

o-o 1200-2000 80-l5o 1200-2000 80-150

90-120 295,-.: A-Q.- 5., - Q5,

Above :'-C,.

(Frapproximate ditiuinby 100 Zone-1, see Appndx 2)S

*-'DISCUSSION

merhaniseandbacgrond~. odinril, te uitsaresopositioned
ne h t 'fth la htlirlt igh ~ telamps and.ireflectors- *--.

is ndien, uoh'heglat* t . fighahle.. Mchis- eflect~d. internally,
theI ' ihd~raue~ a pak-in iluintin'Alhi z: few fet.-fthe

upward light ref2:ected thdrfrih at'-a'rrefletion-Pactoi- of
'0015 is '6nlf',Abbut 250 )Aimeifs, Assuming' that the r~ti'lection
is dif'fie 'in, chiarhetat, prhaps. ha2lf this v~alu6 or"about
125 lumens per store could be expected to clear the buildings

onit wayriipwdrd %vith6it: so&othddry rtfli'ctiohl. Q(fhe. building
housing th&i~hbvr Winoft citsL off 156rhaps 40%; those r~iciross the
street the remaining 10,. -

Vehicular and~pedestrian. traffic. woul1d,reduce .such: reflected

()Since the greater part of the lumens--in: tha,00 -40 0 zone are0
incident near the building line, the lowering of an awning wiould
cut off, byr far' the groatdr bait of '.th&. upwvaidly -reflected light.

()Since direct'light fi'om'the lamps and- r~flectors.in'a dormward
and outward direction arc incident upon thc plato glass at a
large angle, the louvering action of a "tdim-out" curtain or
other louvering would greatly reduce this omission of light and
consequently the lumons reflected upward.



b, umns n~0P-90 Znes.A a1 'cases. -this,, light must u aergo re-
flection before reaching the upper ai-ez Th.flecqtion faictora
encountered~ typically probably do not exceed 0.10 - .25 and half of ~
that reflectt~d ~piobably>yvouild not emerge above,,considering.the-usual
buildings in even small business7 diist~cts,,- Net,.estimnated -kt 7%-87,.

c * Lumens i - b-o %~:Ln-0-202o7r-. th- .- usinesqs districts a considerable ~~
par~t of. thks.,.Ugt would be intercepted by 6j5gite-bulldlngs, even if ~

-4only.: 2 storie6' high;. and would- be l.argely reduced by-iorption, Only%
h~lf-df- that - fleAted diffuselyw.ObUI pard

6. tONCLUSIONS - Considering t1 average sitore or ser'v~ice establishment
with lighted show-windows, the- following cnlsosmay be drawn:

a? With no dim-out treatment *for the windows, the t 6til~upward light 5~*.

is less than 500 lumens, about equivalentlto the tojtal pitput of a
4O-watt filament'lamp.

I'-

b. With a lowered awning, the total upward light ringes from about
140 to 190 lumens, the lower figure repr'esenting the putput of a

c. With the dim-out curtan 6nly, the total. upwaxff light is not more
- Than 120 lumens, or less thntetotal outpu of a 15-watt filament

.lamp,, .

d. Vjh b6th. c~urtain Lid avii hI1eotal..upvard light i bu
jpfiial~nt;-to the. total oiup~ - 6-watt filament lam''

eih every cbndiion~ ,a ldrg'e part- of-' the to~t~l 'upward light is emitted
Tn,the 900Q-120o zone, or .J:st above horizpntal (See 4 a.-and b.-) In the

* ypical busiess di#nictsome signif icant. fraction of*this Will be .

irntecepd by" dpposit.e. build'ings and waill be largely abso~rbed. 'Only
half of thee remainder woid be reflected-in an~ upiardirection.*

7N -

f Ai ofthe-lumens emerging below horizontal,.inthe typical case,
mv~pt und6irgo .atF,.leat on ormr. elcto 'at rbJ&"tively low

*reflectioni factors..before& rechig the, upper -air.

g.'_,Uqe of a dijv out curftain 'tremendously reduces not only -the upw,,ard
Tight' but' the.relati-ve- "Dir hlm bers of lumens in the lower zones
and incident upon the hdoiwalk. .

h.A lowered avining not only greatly reduces'lgtuwr, u rp
Targe- fracztion of the lumens which are incident upon the sidevialk -

:-::~ ~ ~ F nea th&'tor' ~ ,on thbe-Faverage, will emit less light -

Tbove hori~ontal thanhose with 'filament, lamps.



APtDI A.,,

1. AVerage Sliowlinddw as determined by. National Adv.orising Research

(a) Length 6.9 feet Length parallel to sidewn k
Height 6.3 ' One glass end 56.5% of windows ..

4oth.1 t Closed ends 3091% t I*',D th 4 1 J'...

~~~~~~~~.. . ........ . .......... . lsded 01
"%%

-1kb) Windows per store ,

2i Average wattage per linpar foot of show window fil.lamps 50 'approx.)
" linbar feet per.,storc , 2049

" tothl wattage, ..filament lamo.. 1045
u" lu[fns per watt for 100 and '5O watt fil.,.am*s 16.7

" total lumens geperated 7).4 :. 17,450

3. Estimates of Reflection,Factors in Average Window

(a) Average for.morchandise 0,45.-

(b) Weighted average Reflection Factor of*."" '

Backgrounds
•Estimated Weights -. e.J,';Ioihted

Background .Refl&Factor ,% of Stores Av.Refl6Factors

None 0 Ito
Glass .0,08 ... 30 ,.. .. .Light , .70 . .8,....

Dark 0.20 M 0 1851

V (c) Assumed average Reflection Factor of Floor 0.25

(d) Weighted Reflection Factors by Trim-Plan-".

......... Zones A, B & C

... of . of %-of -.-... Vrelghted

Area Area Area Av.Refl.Factore
Merchan.:,: Backg'd Floor F

Zone A 50 . 25 25 0.33

Zone B 0 ' 60 0 0;29

Zone C 30 70 0 0.26

4.- Distribution. with and without awning shielding f on inhgles above
horizontal. From tests of a smal'I model v'indow whose trim planes
were illuminated, to a knom brightness. ,..-

IN-.- ,..

*. ,...- .-.~ ...- --., ., .-* -.. . .' a . . . . . - ' . - . . . . . . . .

S_,- ..... . . . . . .........-. .. ... . .



AIRPtNbii B

1. Aipproximdte ,Di-stributio4n of anens Emitted by the Lighted Show
Windows (using filament lamps) of-the Aiozag'Store or Service Esta-
blishment by Angular Zones Above and Below Horizontal...•,

* -. ~:'"~ Lumens.. :

Zone .-

rerees No Awning Awming
ibove . , ,
Nadir) No Curtain Curtain No Curtain Curtain N

40'50 12 2. 12 2
5o-6o 28 6 28
60-70 51. "5'13 13
70-80 75 20 75 20
80-9o 96 27 96 27
90-100 108 31 -88 25

100-110 lo5 .... 28.. 65 17
110-120 97 24 3,. 3 9
120-130 79 • ,18 6 1
130-140 52 10 1: ,
140-150 31 4 . , - -

~150-160 14 . ,.. -

16o-17o 3 - -"" ~ ~ ~ ~ .17-180- ";':

2. Approximate Distribution. of Lumens Emitted by the Lighted Show
Windows (using fluorescent "lamps) of the. Average Store or Service
.Establishment by Angular Zones Above. aftd Belo., Horizontal.

Lumens '

Zone
(Degr~es' 'No Awning Awning 4

above .'

;-', Nadir No Curtain CurtainM No 6urta'in 'Curtain'"",.:

40-50 23 4 23 4
50-6o <, 43 10 43 10
60-70 6f" 16 67 16
70-80 88 24 88 24
80-90 104 29 lO4 29 -,
90-100 108 31 67 19

100-110 95 26 45 12
110-120 90 22 23 6
120-130 72 16 4 1
130-146 35 6 1 -
140-150- .20 3 - - , -
150-160 9. 1 ..--
160-170 2 - -

170-180 - -. ,

I 4J

,...-.... .....-.. - - ..-.- .I *. I ** * .* . . . .. I * . I * * •• ••



APPENDIX C

1. The publication, "Advertising Research Foundation",
sets forth data on number of window display spaces in accordance
with population for cities up to 400,000 population. These -

figures are given in the following table with extrapolated values *~

for cities of 500,000 and 1,000,000 population:

Population No. of 1Nindow Display Spaces

50,000 1300

100,000 3600 C..

200,000 6700
300,000 9700
400,000 12600
500,000 15200 (extrapolated)

1,000,000 26300 (extrapolated)

2. From a study of the above publication, it appears
that the table refers to show windows of retail stores, and
a correction factor of 1.2 should be used to include service
establishments, beauty parlors, dry cleaning shops, etc.

-,3. The original studies were made between 1933 and 1935.
There appears to be no basis for estimating what changes in
numbers of stores, and, consequently, of display spaces there
may have been since that time. :-
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Refer to File Warz DePdrtment ~ '

RfrtFieNo. THE ENGINEER BOARD
1.tOO.llhl (EB 135).,-',7 Fort Belw~ir, W'it'giniaJ' 7;,

~4f * ... 4 . . 4~44, 3 14-: 1 424" 1"

City Trffc 4 4 4.- -4 4

Dear Sir

Cq i to nityu opration. ini~e~ thi -'tdj:b "t n
ja i -n th dt

~~44 - . . - - . 4 U .'of

darnes must Ve. k.dw-'* tha it th-du~lh~~ .O 4':j -'nt

De'ar6 Sir m deir4'i**o44taii oasp

The ~ ~ ~ ~ 9 &s Ah~fJ lihi sa- a to em stimaties
remin unoe a0 thefi Enginter Boards'o ha bessigned th alcitie
deteriings immediatel wat lgtn onrlmaurssol ba

m e isho tof infisrmatior ocooneratipn tthis..st..y d ,oiintedata

catonrib-wet k gi~'d~loer' ctie*es order anwer tis uesti,.
the 'numbe ic-lof 4 auoob 46pI" ating Nrith 1s-ihtknfo-' 'ca-er't' fhoures.

dnsarnt usting ni that i h aetose total~ trafXicmovements,

on the stract at th n t ea ofei maximu night time rfi concntatios.
Wef taffi extremets .eioccur. Thi mbai g be taken as th ownb4 J,,n best.m
nos distict oonhr ans'!or'e houtr~, of darisinfotypiaote
1

4ofe o ti slq rkriou be. 'a"Alal by o e 7 .2 _tm

missiohn of iformao of6 no viue, t 0h*.s.s~ u t snep

insan duigtat hot whi cas tosei tolb afc mbts onts..-

40 4 44 - 4 4044

A~sugstdmehd fobanigd~~e~if-77to. :1~u



.street in the district undetrcoiideratiom..

3... Comut th fVtzvr(dfimbro eAre- kh

stretin hedistrict between 5*and 6 p.m. by the following method:

' _X=i-hourly traffic flowr on street or soction thereof
ivehicles per hour '(vehicles per 1/2 hour is more desirabe),.

S =average speed of vehicles i~~etp ~ ~ VN'

D length of streot or section thereof in feet. -

Then: S times 3600 (use 1800 if traffic flow figures are
for half hour periods) distance one vehicle covers in one hour (or

niim~~~t56rn bet cn ehicles ihn handfor'ah~re

o ~ ~ f th2 hal h r.)i e thcer setc of under tafcfosiforato.

thd dis bt 'a .r, vilb6 .averge -number "of 'Oh e'f or. each' hour
ohai 'our -of th'~ ai ght' ma'y' 'b' c 6:pu'q d'6 ' " iw1*t~iJ~~n ' 'e" J

found for -the selected .hour or half hoda' -by" th6 a $rop'rist fco
pr r atev 6, ptm.. :t

Submit this data for eac., hour or, half,-hox. from .~..t 7 a.m.

'ftIf r-edent riight time trdfic i'low figures "ar *nt-'Wial
thopf may be estimated~ £rbi old f di e 'uit q:4 )y,- n
propbr f adctors eva.ed byi'eiinbnt automatic t.fic6 ~n g
stations,, ' f f 'f

We would al~so like. to have the total r~ea in sqjuarefe f.

of tho, salecib*d dizt~ict, tho total. str~eet are'a in siiaz6 fhcpt..ad. '

total lineal feet of lanes conft'a"re~~iti h d trc,' and th'6
most, recent popu-atp.on- and automobile registration figures for your

1'wrotalite tha't this ' iethod will ol.giLvq .1p a~prqx~~p o
but' feel that, ti' i"S" suffiiciently. acedurate f or the .puppoqje Yithi.the

ftftfftfttfte n' pthio~occur to. youa fes~

Wesncrl apprecia c your cooperation in this iMtter
'for W'e re~lize tl's invol-Vs gei nirytae'cosmng brlculationss

A 0 ~ 1 0 0 0 00



. ._. , only the extremely urgent nature of this study prompts our request - -

-T, ~For the Boards ""

~~Very truly yours, i

2" ii

I:

v :-.': .:

S:5::

• • • • • • •
.-. , .. % -..-.. ,.- -..- .'.%.' '.% -. ' -°- '.-. .-. X• • .,. .- %.-..-.-..%.. -.- .- - .. ... .. o .. .'.-, .

i , ' ., '. *"..*' t. . " '.'. .
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APPENDIX H

I.
METHODS USED IN CALCULATING:

*4~

0
1. SKY GLO~V GENERATED BY VARIOUS TYPES OF LIGHTING H-

2. PERMISSIBLE STREET ILLUMINATION VALUES.
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.1. Sky Glow Producdd by "Street' Lighting in Business
Districts.- a. Method for coonputations.- Since generated 0. ..
sky-glow is a function of amoliut of light from a given-.area -. iL"

reaching the upper atmosphere and the atmospheric transmission, ,..-
the amount of such iight must be asc~ertained'by survey or " .,-.
kowledge of-the number and type of luminaires in service in"-..
the area, their light outputcharacteristics, th6 average re-.....
flectivity of the pavements, and the amount of upward light !

absorbed by trees and buildings. For street lighting, total ..'..".'
light which starts upward is the swi of' the light emitted above )- '-
the horizontal from the luminai~es plus the light emitted down- '-"""

wards multiplied by the reflection factor of the pavements,.-".""
or on the basis of area - mile by -mile T (total upward light_ .
per unit area)= PL + PILR, where L equals total lamp lumens, 0
P equals percentage of lamp lumens emitted above the horizontal, -)..

PI equls percentauge of lamp lumens emitted b-lw the horizontal, C ....
and R is reflection factor of pavements. This upward light is ....
reduced by absorption by trees andbuildings; hence, TA (total '''':
light reaching upper atmosphere) = FPL + FIPILR, where F and Fl -
are percent.ges of light upward from luminaires and upward
from pavements, respectively, which arc not absorbed I-y trees oJ'

and buildings. Sky glow may then be computed by use of. Graph,.-- .
3e or by substituting TA for L of the following equation (sub- ...-
pa r . 16c ( 4) : " ' ':

1 8.02-15.56t(l+2fl+2f2) ALt5.28(n+A-
1)

Br i " -"-
1,000,000

b. Example by use of Graph 3e.- Assume representative'."' "'--
conditions in the business district of a city of 500,000--,,-
population as follows:

Size of bus iness district - 1 mile by 1 mil e o ,'--o

Distance between streets - 400 feet
Number of streets per 1/4 square mile - 13.-.-' --
Number of blocks per 1/4 square mile -42 ... ...
Number of l~minaires per block - 6
Ltmen output of lamps - 15000
Type of luminaires in service - diffusing (emitting.t'. /

35 per cent of lump lumens above- the horizontal and 35 por cent "'"''%-
of lamp'lumens below horizontal) ?.[..-[

507o of upward lumens from luminaires reach upper ,.. ..
atmosphe re•

5(Yll of light reflected from pavements reach upper -"
atmos phe re"'" ' ' ' )

Average reflectivity of streets - 1551 )]i))i

Te:Nmeofluminaires per 1/4 sq. mi. = 42 x 6 = 252 ' [-[i

.. -.';'? .

C I . . . .. .. .• . . • . . , .. .

" . o , , - ° - . , % o "- ° % - .'- , ° , - . - ° , - - ,*, , • % ' , '. • . - -. , . o- °. , -
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Total lumens emitted~ above horizontal per 1/4sq.
mi. 252 x 15000 x .35 =l,319"5OO

22Total lumens emitted below horizontal per 1/4sq.
mi. 22x 15000 x .35 - 1,319,500-

~T.1 urrins..irefleoted h'om. pavement8. per-'A/ sq.

Tta. l.uxe ns reaching uprtmsphere peri S/~
51 (*1,3,3 00 + 197,925) 759,000 -

Andt' Asum-ing 99 per cent per 1000 feet transmission,
Graph '*.e gives'330 micro-foftlimberts 6f' sky glow apparent
at 5 miles for an area one mtil-e in'width and one-half' mile -

in d'epth having 1,000,000-1traens teaching upper. atmosphere
from 'each 1/4square mile. For an area one Tail& in depth
(assumed for size of business district of city o 500,000
population), the 330 value must b multiplied by 2'. Hence 2
skyr glow generated by 759,'000 lumens per 1/4sq. mi. reaching -

* uppe'r atmosphere from an areaa 1 il by 1 mile is
759.000 x 330 x 2 = 502 micro-.footlamberts.

1,P00,000

2. Sky Glow fra-a Show Wiindows irg Buainess Districts.-
As for computations for ctreet lighting (sub-par. la above),I
'total lumens reaching upp'er atmosphere must be ascertained.

auiara1/2 til'e wide Eand 1/2 mile *in depth, TA

(totul lumens reaching upper utmosphere) eqaals (PLu + PlLDR) N,
where

and LD are lumens eitdupwatrd -,and .do% nward
from an average shour window, respectively-

P and P are percdn~ages of 'upward an~d downward
light, respectively; -which -& iibt"absbiorbed b~"uidi'
and trees.

R is the. avera-ge reflectivyity of' the,,streets ."

N is the numbei of sh6* vdindowis .n th'e unit areat
Sky glow may then be computed by use of Graph 3e or by '

* equation given in sub-paragraph la above.

condiTions in the business district of a city of 500,000

population as5 follows:

Size of business .district - 1 mile by 1 mile ~1
- .*' Nmber of shoot windowis in city - 15,.200, one half

of which are in business district
Number of show wi~ndows -per 1/4 sq. mi. of business j

*district =1200 X-1/4 ='.1900
2'

0Lumiens emitted above the horizontal from average
show window - 489 (sbpa 2c ( ) of main body of report)

Lumens emitted below the horizontal from average
show window - i862 (sub-par. 2c()' of'main*Vody of report)

Averacre reflectivity Qf streets - 15%
60-of both 'the light'emitted above tfie horizon-

* tal and reflected from Xhe streets reach the upper atmosphere.

-2.



----'Then: -Total luri.ns re~achin.upper atmosphere per 1/4 sq.
mi. 1=(..5 x. 48j + .50.x' 1862 x i15 '1900 730,000

- And': Assuming 99 per ddnt per. 1000.feet transmission,
sky'glow'generated by' 730O,P0'0, titens, per 1/4 sq. mi. reaching
upper atmuosphere from an area I mile by 1 mile is 7.30,000 30

1,000,000'
(from Graph 3e for area having Width of I faile) ' 2 'dph
of area factor = 482 micro-footlainberts.''

3. Sky Glow Prod cebyat 'tmbi6 e3lamps.a. eto.
(1) From Table 9b, sky glow produced 5 miles'in- frz tt of, behind,%

* and to the side' of 2358 untreated atitomobile headlamps on driving
beams, concentrated in an area of approxinittely!0O.16 sq. mi.,
dUring- an atmosphere having ligl-ht transmission factor of 71%
is as 2ollows:

In front Behind To right 'To left Totdl.
*of lvmps lamps of lamps of 1ans

8430 318 20 .20 8788
micro-footlamberts

or., if same number of lomps were a-imed in each direction,
.3788 2147 micro-footlamberts. for any direction. On. the

basis of' 1/ sq; ii, the lamps would be less-'concentrated
and the 'sky g lowi would be. 2147 x-16~ 1380 micro-footlamberts

.25
for 71Y. trtnsmission.

(2) On the boasi's of 9914 -per 1000 feet transmission, the
sky glow becomes by use of Grttph 3e:

93 58'_ 1 amp s -1380 x'Q TM838 micro-footlamberts above
1150 -

-' ~an area of- 1/4 square nle..- '. '

b. Example for u city of*stated size.- Assume city of
'00,00 populftion with 400 automobile (800 1headlxips) using

headlamps on passing-be..msper each 1/4 square mile of business
dist'riot,'and si'zi of-business di~trict 1 m -le by 1 mile.

Then: For 9Gr%-triismissi6n., h sky glow produced by 4000
autornob'I'les in an area of 1/4 s4, Pil' is*:

800 x 384 = 130 micro--footlamberts
2 358

Since the &ssumdd size of business 'area is 1 mile by 1 mile,
the above figure must be increased by wridth and d epth fac tors
as' follows:

130 x 1.022 (additive factor for c.dj'acent widths of
1/2 mile for 99;*' transmission from Graph ab) x 2 (factor for
areas in depth) =262 micro-footlamb6rts.
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4 Skyj Glow from Protective .Flqodlightingi a. ethod,-.'
The total lkiens reaching, upper atmosphere-from pr6tect ..
floodlighting depends on the size of the: illumind'ted "area;
its.avdragereflectivity, the average horizontal footcndles
maintained ou..the" ground, and. the .ariodt lof" .ight eitted A t
." abok th..e2horizontal from the. luminaies4 .After calculation ' 2.
of lvmens. reaching upper atmosphere, amoufit of sky glow may

N b6 c6c-.lated b " equati on or graphi

b. Example by use of Graph 3e.' Assume a protective
ghfgisalto as 56llws 11,A ,---. " " . . .. . . . . - .. . " .. . . . .-. . . ..

" " Illuminated- area - 5000 feet by 300 feet."
!Average horizontal footcandles on ground 0.34 "

No light .front'luminaires .emitted above the hor.i-
Zofatal.

Reflection factor of ground - 0.15
All ieflected light reaches -,upper atmosphere.

Then: Total-lumens reaching upper atmosphere equals
5000 x 300 (area) x 0.34 (horizontal footcandles) x 0.15
(r~flection factor) = 76500 . " -.

And: "'Assuming an atmosph ric transmission of,:99/1 -per
1000 feet, Graph 3e gives 330 micro-footlamberts over an
.area having width of 1 mile with 1 ,000'000 lmens-per 1/2 " *"

mile of width, and 320 micro-footlambeits over an'arei'having
width of 1/2 mile with 1,000,000 lumens.. Hence, sky. glow .
apparent over the long dimension of thb%"'otectiv6 lighting

".from a distance of 5 miles is. 76,500 x 330 = 25 micro-
'rm itan of • . i ;O0000

footlamberts for 99/ trinsmission and over thc,-short dimension

is 38,000 (lumens per i-mile of depth) x 320 x 2 (depth of area
1,000,000 . . ..... of""rea

factor) x 2600 (width of area on which Graph 3e is based)= 211
300 (width of illuminated area)

mico-footlamberts. U - -

5. Maximum Penmissible Upward Lumens from Street Lighting
Based on the Assumption that StretLighting is Permitted to
dContribute One-half of Permissible Artificial Sky* Glow.- * I
a. Method.- Graph 3e give.- the micro-footlamberts of sky glow
produ-ced by areas6f dtri6us vidths and i-mile depth havin
1,000,000 lumens. of upward .l .ght in each 1/4 square mile (-
mile in width and - mile in depth) which is apparent at various
distances wa _ during various atmospheric conditions. Hence,

* by use of appropriate curve of Graph 3e, the number of upward I
lumens in each 1/4 sq. mi. of a given area required to produce
a certain sky glow brightness appc.rent at any distance from
source of upward light, for a given atmospheric transmission
may be computed. ,

-4- -
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b. Example.- Assume a permissible sky glow residual of
A '30 ricro-footlamberts (one-half of which is produced by street

-lighting) at shipping lanes 5 miles from an area.22- mile b 2-2-'
miles. From Graph 3e, the maximu glow produced. ver the long

dimernsion of ani area over' li miles in width occurs at, 67% trans-
misiioni This maximum reading in 3j300 micro-footlam"erts,.
caused by'1j00,o0 lumens in eaci 1/4 sq.' mil (Graph 3e is
based on an areh havihg depth of 1/2 mile). Then permissible
up,:mrd lumens from street lighting per 1/4 s q.. mi. of assumed
areh (2" mikie-s by 2- miles) isi

15 x 1,000,000 x 1/5 (since depth of c.ssumed area is
3300 "

5 times depth of area on which Graph 3e is based) 900 lumens.

6. MaximuW Average Illumination Ihich'Can be Permitted
on the Streets to Conform with Permissible Upward Lumens Given
in First Table of Sub-paragraph 34c(5) of the Main Body of the

Report.- a. Miethod.-- The permissible upwarO lumens are pro-
T-du y prt _ of the light emitted above the horizontal
from the street lighting luminaires and that part of the
light reflected from the pavements, which is ,not absorbed by
buildings and trees. Hcnce, light which roaches upper atmos-
phere is -computod by 'the followving equation (see sub-par. la):

TA ' FPL '+ FIPI1LR, where TA i's total light which reaches

upper atmosphere, P is percentage of lamp'lumrens 'emi'tted above
the horizontal from lu:minaires, P! is percentage of lamp lumens
emitted below the horizontal from luminaire!, L is generated

lamp lumens, R.ip ieflection-factor '6f paveiennts and F and F,
are percentages of light up from luminaires and reflected from
pavements, respectively, which isnot absprqed by' buildings
and trees., Then,'total light which is reflected from pavements
is PIRL -' TA - FPL and average illuminatiQn.on the ground is

Fl

reflected light divided by the illuminated area times the re-

flection factor, or I TA -FPL where A is square feet of - -

illuminated area. 0

a. Example.- Assume the follovwing:

Lighted area 1/2 mile by 1/2 mile
Total of 13 streets (spaced approximately 400 feet)
33,800 lineal feet of streets
Streets -verage 60 feet in width
Reflection factor of streets - 15y.
50% of upwtrd itmens from luminaires reach upper abnos-

phere
20% of light reflected from p.vements reach upper atmos-

phere ",< -.

-5-

...........................-...................... ..



Dif'fusiflg lumina-ires emitting 35% of' lamp lumiens

below the horizontal and limited t'o .1051f -Of lamp lumens above

Th-ehoriz ontal. -here

900 lumens permittedato reaoci uppeif&tosPh~

_'Therij to 'find 'the aonont of' ljgh're~rmaTh
;mns(' ~ ntrms of' toti Ii ht permitted to re-ch-

u~~t~peie (TA') 'he f ollowifig jcy :beused:..a'

Ui' (uia~ ight from lmiires OlL(1(yr. Of'

lamp'lumehns pei-mitted"E-,Vqve th~e 'horizohita-) eia~

D (dovwwrd light f ron lumin~kires) .0.35L .Cdif'-n-

liusing' iumbi1uires 'e-nit' M34o'o.r linp luesblow the jhori-

-z~ntai)"';
Then, U = .lD .286D, arid D= P1RL

-. 5 a -*T9 Tre1leot~e ftc. p0r

a ~~ - 286PIRL 19

And, TAom assuM.ptiols, qln -Waowv

An-T 5U3 + .2 PR1L(fo

aof -1 2 aght Te- ing- upV0ittv "6
P-o -mspnere

-The re f ore "P1RL .87 TA, or- light_ refleat f'tom pave-I

mrent-s-is .87% of' totv-1 light yvhidh' retaohe upper ExtMosphere,

fro the assum~dluiinFire5, restrictions,, and conditions5.

But, PlRL TA~P (subpCr 6v~aoe

%T-e 'sbpr 'r. Live a.~To v- eVa

aaa 
~AR. ."

.. 87-x-900' ±ouau~
.________ *026 oobnd6

Similarly, permissible f'ootcandld levels may be on a

puted t'oy furthear resttiitiolS ir upwaard light; b6ased' on
the chcaracteristics, of'. ty~ea of' lumin,'%ire i.n e"i. aa

7 = -7 7
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SUGGESTED INTERIM DITOUT REGULATIONS

1. Application. - Interim dimdut regulations are included to -.

. aid Service Commands, byr providing them with a means of judging by

comparison the effectiveness of their present regulations,:4nd to

encouragc revision of.:hose regulations to achieve general uniform-

ity of light control. The ilh6rim regulations should not be con-

sidered as final, and present Service Co.nnand regulations should

not b6.revised drastically pending the establishmont of a basi'e

dimout policy and the issuance of final dimout regulations. In

those instances whore Service Command regulations deviate widely

from interim regulations, .th- former should be adjusted to conform

with tho latter. On tht, or6her han&, whcre prcesont regulations arc

comparable, further revisions should b6 postponed i htil final rogu-

lations are available in the intorest of conservation of materials

and man,'owcr, and of preventing additional confusion on the part of

the oublio.

2. Regulati6ns. - The following are the suggested interim

dimout regulations : "

Dimout Zones
1~ 1%

1. Shor Zone. - The Shore Zone shall extend inland from the

shore line for a distance of-two (2) miles, (S"-or, lino is do:finod

as the opon ,p. 'shore line and.doos..not include indentations formed
by rivers or bays unless otherwise specified by the appropriatc
Service Command.)

2., Coastal Zone. Beginning at the inland boundary of the

Shore Zone, the Coastal Zcno shall extend inland for a distance of
25 miles.

3, Inlcund Zonc. - The Inland Zone shall begin at inland bound-
ary of the Coastal Zone and extend inland for an additional 25 miles.
All cities :if 200,000 or morc population betwon the inland boundary

of the Inland Zone and 25 miles'farther inland shall ,b subject to
the requiements of the Inland Zone.'

Remarks: Whore cities arc situatod partly in one zone
and partly in another, such cities shall comply throughout to rcgu-
lati-;ns of the ztnc nearest the shore line. -

&rricd .f Dimout

4. Thus- rc.,uli. sha bc in ecft- frmc cne ho;ur after
sunset to no hnur bcf-,rc sunrise er as specified by the appropriate

Service Co.mmand.

z--4
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Romarks: The *to vaiftions in length of ty~ilight with scas~ns
of the year, period of dimout may be modified to en :Porm to hours of

*darkncss.. On thQ other hand, dimwut scheduled to conform to~ phases of
the moon or cnomy subma~rino activity -shouldn.'t be considered until \,

feasibility i s invcastigatcd by Basic Policy Comrnitteo.
~"A

- --Definitions

rPon rea lin fd dcs ftt include indentation1s fcrmed by rivers

by unless n-th ,wiso specIfiod by the a-pprcopriate Scrvice Ceommand.

8. .n:-essbntial LightIg.' - a,. Putdcor advortising: signs,
billb'oards.' p stcors; etc.- a

b. :d'w signs nf -nl types.-

eo Sh w and display windrws.

d. Ornamental bui-lding lightj~ng: flr.-dlighting, outline

lighting, Taeado lightig, marquee and c-n.ipyc -ljht-ing, dtc.

c. Outdc-or amusomcait cnd spsrts lighting:t playgrounds,
athletic fields, cumusemcnt -parkS-, ' tc.

'f. Service stain C lc';lighting (dc-es'anot ithcludc pump

lighting prn-viding less thon'-1.5 fietcazndlos at, ground level).

g. Psrking space fl.-dlightin-g.

' h, Pyrotcchnic display- and binf-ires.- .

i. H..mo garden lighting.

j.All typeos 6., utO ,(rrlighing..for doerative ':r ad-
vortising purpcsos n t'c;vCtrod 4bove.......~

7. Light Source.- - Light , source isderinWd as the light pro-
ducing element such as the.- fil.Thitent and/o r bulb:, o f inc ande scent
lamps and the luminous tube of gas filled loamps.

-''8. axiurs -ofDarkness. -Hours of da'rkrness is intended to
mean tho period from 'onoe hour aftcr sunset to ,one hQU'rbefore

*sunrise. 
J

-2-
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9. Visibl'o from the Sea. -'Any installation, area, light,
ol illuminated surface from which the open sca beyond the shore
line can'bo seen, or which permits direct viewing from any loca-..
tion b6yond tho' shore line, is considered visible from the sea. L.

Q 10. Show and Display Windows. - Those arc defined as all
windoiis or similtar oponings'in stores., restaurants, or other
commercial establishmcnts in PhicA m-rchandisao is or might be
displayed for salu or throtigh which herchandise or services
offered to the public mi.y bc visible mid through which any arti-
ficial light is visible...

Non-essential Lighting

11. Shcre and Coastal Zones. - Non-essential lighting shall
be extinguished, except as follows: 4

a. ihere building oppnings are visible from the sea,
thby may be , d6 light'-tight in order to maintain interior il-
lumiination.

b. In areas not visible from the sea, windv.-; of
stbor-'s, rostaurants, banks, and similar establishments may be
treated as follows: -

(1) In the Sho)-e Zone, such windows shall be
made opaque in order to maintain interior illumination.

(2)' In tho Costal Zones such windows, where
special window lighting-ha Ss been vxtinguished and the only
light omitted comes 'fr6m pgoncral interior illumination, may
be treated as specified in sub-paragraph 14 a (1) (b).

12. Inland Zone. - Non-ossonti-l lighting shall b6 ex"

tinguished except for the following:

a. Parking space floodlighting, provided illumina- -
tion on the lighted surface does not oxcoed.l.5 footcandles.
and no'light is omitted from luminaires at anglos above the
horizontal.

b. Show and display window lighting, oither fila-
mont or fluorusccnt, not excoeding 40 watts, per ten (10)
lineal foot of window provided dirc.ct light from the lamps
does not illuminatc -dj..cbnt sidewalk r.t any point; or, in
lieu th.r.,of, a luminous widcw sio, niiot uxeoudiiag 26 watts
and shielded in such a manner that it cannot be sccn' above a
horizontal plane through the window coiling. When light

-3-
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*:. omitted .fromw indows. of storos, restaurants, .banks, and similar

ostablishnints is only that from gonecral interior illuminAtion,

such windows shall'bc; treated as specifird in sub-paragraph .
14 a (2). In the lattor caso, special window lighting shall be

c. Theater marquee lighting", ot in excess of L5
footcandles at street level. Light sources shall not bo.visibl9
above"a horizontal ;Planc. through them.

Essential Lighting.

13. ,hcn Visiblc from thc Sa. - All liGhting, including all
light sourcus alid illvmninatcd surfacds, visible at sea from any
location beyond the shore line. shall bc extinguished or troated as

follows: .

a. Building openings. - Building openings shall be made

light-tight, or interior illumination shail be pr ovided by ?ar

Department approved indoor blackout lamps or units spaced not less

than 5 feet in any direction. Doors may require light locks.

Remarks: Openings on the sides of buildings-not visible
from the sea need not be made light-tight; hence, they may be
used for ventilation purposes. Such openings, however, must be -
treated -as provided in sub-paragraph 14 a.

b. Motor vehicle lighting. - Approved War Department
vehicular exterior blackout lighting is permitted. All other
exterior lighting shall be extinguished. Intdrior illumination

shall not exceed 0.4 footcandlo on a 45 degree plane 36 inches
above the.floor, and interior light sources shell not be visible

outside the vehicle above a plane through the light source at 5
degrees below the horizontal.

Remarks: Baffles, ='_tto black on the land side, may be
,-, erected to obscure motor vehicle head .- ud tail lighting from the

sea. In such cass, headlights on passint bocms and with upper
half of lons opaque, and normtl tail lights, may be used.

c. Strect and highway lighting. (1) Shore Zone. - '

On strcts :;.ad bi~hways ptrpendicular to the shore line, a special
system of street and highway lighting m'.y be employed, to maintain

- traffic movement without. us, of headlights. This special system

shall mot the following requirements:

(a) ,M11aximum illumination at any point on the road .
surf>.ce sh.ll not exceed 0.4 footcandlc,

-4-

---- ---- --

,'-.-.4.. ....... ... 2 A." " '. - . .. . S :5 " .. . . ... .7.- *. * - 4 .l .!!?! !'!!i
4~ * -, . " --.. ".-, .'.-.5----. .''-'- ..v .- ' - - ... '."5 -- ,,n ..



II

(b) The lamps sha:l.l be installed in deep hoods to con-
"fine thu light to the roz.dway" without. spill. on adjcont structures
or' trees, and shall bc directed away from the .sca, and dovwward and
mounted. -,t least 20 feet above road level.

(c) INo liGht from the luminairc shall bo projected in ':

the direction of the soe beyond a vertical planc-parallol to the
shore line and through the light source or pbovo a horizontal
plane through the light source. .

Remarks: The us(: of the above system of street lighting
should be limited to critical locations, whore continuedmovement
of vehicles is necessary and oth-r solutions, such- as re-routing
or erection of baffles to purmit use of half-shielded hoadlonps,
cannot bc employed.

(2) Coastal Zone. - At critical locations, on streets
and highways perpendicular to the shore line, the system of street
lighting as described in sub-paragraph (1) above may be employed.
Present street and highway laighting ltuminaircs at any location
visible from the sea shall be so troated' that: .

- (a) No ligtht,' including light from the reflector and
enclosing gjobe, is omitted above a pl.a.nu through the light
Mourcc at 60 degrees below the horizontal.

(b) The maximum illimination on' the roadway at any -

= point within the c'ircle of light thus formed is not'in ex6ss
of 1 footcandle. The average illumination shall not exceed
0.5 footcandlo,

Romarks: Remarks contained under sub-paragraph (i"
a.bovc also apply to the spccial .strut liehtL, ,systun whon
used in. the Coastal Zone. The restricted street lighting re-
sulting in Coastal Zone from above treatment applied to
present luminaircs which are visible from the sea serves no
useful function in rugard to safety and facilitation of traffic.
"Whero night traffic mov, mont is permitted cn streets Dr roads
visible from the sc,, rg"rdlcss of the type of strcct lighting _7 t7
employed or the absence thereof, it is imperative that effective --. '-
aids' to tr-affic be extensively employed. 1Whit markings on
pavmbnts, curbs, and obstructions arc particularly helpful in , .'
reducing the hazards to pedestrians and vehicles. ,

-5--
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d. Traffic signals. -Traffic signals shall be in~visible
at distanc~es beyond 4000 feet 'when viewed by dark-adapted observers
on,&. clear, moonless night, and shall provide diptinotive color
iddications for.all distances from 10 to 300 feet during all operating 1 .

periods- One method by which this can be accomplished is to equip
4 1 each traffic signal lens with 7 degree downward louvers, consisting

of not less than 6 vanes at least 6 inches in length and spaced evenly
al'dng lens diameter, and operatine thp signal during night hours at
35 per cent 'of rated voltage for 60 watt lamps (32 per cent for 100
watt lamps, 43 per cent for 40 watt lamps) and at rated voltage during
all other periods.

Remarks: .Reducing signal visibility y reduction in voltage

indications or d'estroys daylight effectiveness. Generally, traffic

sifgnals visible from the sea should be extiaiguished. The above
treatment should be confined to those where eoi~tinued operation is _

essential for safety and expedition of traffic and other solutions
cannot be emnploy(?d.

e. Illuminated traffic sigrns. -Illuminated signs may
be used wh~rever necessary to guide, s afeguard, or regulate traffic,V
provided the light source and reflector are obscured from all locations
at sea and the illuminated surface, if facing any location at sea,
cannot be, detected by.dark-adapted obsorvers on a clear, moonless night
Por distances in excess of 4000 feet.

f. Lighting of railroad trains, elevated trains, and
subway trains when oporated aboveground. -()Headlights of road
locomotives shall be operated in the dim position.

(2) Thc uppier three-quarturs of the lens of headlampp
of eluvted trains, and subway trains if operated above ground,
shall be made opaque. All :.xtorior lighting of such vehicles not

required for safe operation shall bc xinguished*

k3) Heqad and tail lights of stetcars shall be so reduced
in intensity by filters or voltage, reduction that they are invisible
beyond 4000 feet when vliewe(d by-dark-adapcd observers on a clear,
moonloss night.

(4) Wdindow,, shades shall be drawn ccnmpletely or interior
illumindtion shall not exceed 0.,4 footeandle on a 45 degr,;e piane
36 inches b, vo the floor and light so'rcos shall be so shielded
that they are invisible abovu 5 doereq s bulow the~horiz6ntal.

(5) Interior illumination of ferries shall not exceed 0.4
footcandlo at the windows, and interior ligat sources sh .ll be so
shielded that they are invisiblo above 5 dogrees below the horizontal.
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F: .ROsidontial yard and porch lighting. -A low leve-,l
1)of illumnta-tipon may. be. providod..in yards and on perches by Vklr

Department approved indoor blackout lamps or units spaced niot

less than 5 foot in any direction.

Remarks: Shields on the lamps or units are unnecessary

to provide safety to shipping.

11. Outdoor-production lightinE. ' .Light sources of r
all exterior lights for outdoor manufacturing, in~railroad yards,
on wharves, for repair work, shipbuilding, necess.ary handling of

4 ~raw or finished materials, or for an .type of outdoor production '-

work shall be so shielded that thiey arc invilsible from any%
location at sea and that no light is-emitted above the horizontal.
Surfaces shall be illuminated whon and to the minimum required
f or conduct of tho vto rk.

-Remarks: The above is intended to apply to those
processes which cannot be carried out under dovor. Other procussos
should be porfornmc.d indoors. Thoe regulations will sorve to
ruduce but will not eliminate hazard~ to shipping.

i. Anti-sabotagE lighting. -Anti-sabotage'lighting

shall conformto the following-

ttthy(1) Light sources shall bc so shielded and directed
tht ho rintasil bv plane thiough them at 3 degrees

belowthe orizntal

(2) K-axiaum illumination on the ground shall not exceed
0.2 footea-ndle.

(3) The light shall not be incident on vertical or
angular surfa-ces.

14. .'hn Invisible f~rom the Soai- - lhenT' in use, sential
lighting shall be treated as follows:

a. Building windows. - (1) Shore and Coastal Zones.-
(W 'Window7s of offices, residences, hotels, and similar instal-
lations, shall bc. covered for the upper three-quartors of the
Class area by standard window shades not oecding 25 pfr ccq'nt
light tran.smission ftctor, venetian blinds vith slats angled

J doinprard to the outside, or at lea'st ono thiclaicss of ncowspaper;
and, in addition, intorior light sources shall 1not be visible
outside above a 'horizontal pl ,na through the bottom of.the treated
portion of .tho window.



(b) ,Wind.6wI of 'indultr tgl plants shall be made opaque for '
the -upper throe-quarters -of the 'glass area, or the interior lighting
shall be so shielded or the windows so treated that the brightness
measured on the outside surface of the glass shall not exceed cne
(I) footlambert at any point. Brightness on the outside surface of
sky lights shall not axcood 0.5'footlambert.

* Ronurks: Ventilation and obscuration of daylight are
frittors to be considered ,in applieation--of the-above rogvlations.
Awviains of' cloth or wo6d or.venetian blihifi"thch' can ho low, red at
night proVide. a possible sblution'totheso problems, Shielding
light kituros toI reduce likhtin'g levels, at windows is often un-
desirable since visibiliti on work benches end machines may be af-

" fectod'to tho extent that.reduced. production end waste would result.
On the othri hand,the" inst, llation of venetian blinds or awnings
may improve daylighting conditions.

hal-"of (2) "'Inlhnd zone -";ii'ndows of inidustrial plants for one-

hlofthe 'glass area shall be md~do opaque or covared with standard
window dhades not'exc'eding 25 per cent light transmission factor

or materi.l haling equal Or lowur light transmission properties,
0 venotian blinds with slats closed, or at least one thickness of

newspaper. Brightness 6nthc. ou.t.side surface of sky, lights shall
not exceed 0.5 footlambort.

,-..
b. Vehicilar hoadlighting. - Uppor one-half of lens of

hcadlamps shall beu made opaque and hoadlamps, shall be operated on
passing (depressed) beams only. .

Remarks:' More rostricti:'e control" pf ;-eadlighting such
as use of 250 beam candlepower or throe-quarter masking reduces sky

glow'- slightly more, but provides totally inadequate road illumination
for driving Qven &t reduced speed. '

c. Street and highway lighting,. -(1) Shore Zone. -- IL

(a) Li ghtng of open Fh F htys shall, be extinguished or the
S. luminaires shall be so x ted-that no Ii-gh't- is editted above the

horizontal and that the maximum illumination on the roadway at any
point does not exc.eeod 0.4 footeondl,'

(b) Streft lighting of cities and towns. shall be ex-
4-' tinguished jr conform to the following: i.t points of heavy pedestrian

i;, movcnnt, hazardous locations, focal points of traffic flow, and
similar locations, ail illumination level hot in excess of '0.4 foot-
cendle may be 'maintaincd 'on thb streot surface provided no light is
emitted from the lwUrina'Ird'abovc, the hor'izontal. At other locations
luminaires may be ,askud or shieldo in zuch a way that no light is
emitted above a plane at 60 degrees bolow the horizontal through the
light scurce and that the maximum illumintc tion )n the roadway within
the circle of light thus f ,rmcd is not in excess of 0.4 footcandle.

- ,.-



(2) Coastal Zone. - Light emittcd above the horizontal
from street 'and highway lightingluminaires shall not exceed 3 per
cent of the luminaire. lumens. 1.1inimum illumination on the street
shall not be reduced to less than 0.02 footcandle..

(3) Inland Zone. - Light emitted above the horizontal
from street and hig)iway lighting luminaires shall not exceed 7 ,.'.*""

per qent of the luminaire lumens. Minimum illumination on the,-
street shall not be reduced to less than 0.02 footcandle.

Remarks: Present shields should be retained and, if
above regulations are not met, painting of lamp or globe should
be resorted to, since proper shielling will depend on final
regulations founded on basic policy. Ch .nge in shielding at the -

present may result in waste of material and labor and the un-
warranted ex:)onditure of funds. For assurante of reduction of sky
glov. to proper levels, mxximum street illumination values will
eventually be specified. However, such valuds are de-oendent on
ustablishment of basic policy.

d. Cutdoor production lighting, - In the Shore;
Coastal, and Inland Zones, cxterior lights for outdoor manufacturing, 0
in railroad yards, for repair work, shipbuilding, necessary
handling of raw or finished materials, or for any type of outdoor
prodw tion work shall conform to the following:

(1) Light emitted from the lighting units at angles
above the horizontal shall be zero for the Shore Zone, and
shall not oxcc.,d 3 and 7 per cent of the luminaire lumens for
the Coastal and Inland Zones rrspoctively.

(2) Surfaces shtll be illuminatcd only when and to
the minimum required for the work.

e. Anti-sabotago lighting. - In the Shoro and Coastal
Zones, anti-sabotage lightilig shall conform to the following: -

(1) Light sources thall bo so shielded and directed th'at
no light-is emitted aboirvothe horizontal..-

(2) i.aximum illumination on the ground shall not exceed
0.2 footcandle for Shorc Zone and 0.5 footcandle for Coastal Zone.

f. Rosidontial yard and porch lighting. - (1) Shore

Zone. - Yard and porch lighting shall be extinguished, or provided
by War Department approved indoor blackout lamps or units.

(2) Coastal and ilnd Zones. - Lighting of yards and
other outdoor residential installations shall not Qxceed that
provided by 25 watt incanduscent lamps spaced not less than 20

oil 1o
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feet in ny direction. Such lcnpnt shall be so treckted that no

li iht's ojected above t1 e horizontal. Lighting of porches,

-dooriways, and steps shall be provided by not more than ono 
lamp

not exceeding 15 watts pei ex.trance or exit; and not more 
than

25 Der cent of the lirht shall 
be emitted above the horizontal.

Types of Lihting Which do not need Regulating. -' -

-16. Tn areas not vibible from the 
sea, the following types

of lighting shall not be treated 
for dimout purposes%

1-.-V.

a, Extorior vnd interior lirhing of railroad 
trains,

!- • a..%.¢. 
-

elevated trains, and subway trains.

b. Railroad signal s.

fraffic signals.

'N d. Illuminated aids to water navigation, '-

. Airport wid, airwoy lighting needed 
for safety of

aircraft CAd th& handling 6f passengers 
and materiel.
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